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Soon  after  my  appointment  to  the  Chair  of  Chemistry  at 
St.  Mary's  Hospital  in  1854, 1  noticed  that  the  chief  part 
of  the  lecture-time  was  occupied  by  the  most  diligent 
students  in  taking  notes  of  the  various  foi-mulfe  and  re- 
actions which  were  from  time  to  time  stated ;  and  that 
they  were  thereby  prevented  from  paying  continuous 
attention  to  the  course  of  the  Lecture,  and  its  illustrative 
experiments. 

To  remedy  this  evil,  I  published  in  1855  the  first  edition 
of  my  "  Notes  for  Students,"  in  which  I  endeavoiu'ed  to 
supply  all  the  information  necessary  to  form  a  connecting 
basis  for  the  teaching  in  the  lectures. 

In  the  present  edition,  the  "  Analytical  Notes  for 
Students "  have  been  omitted,  in  order  to  allow  of  in- 
creased space :  these  Analytical  Notes  will  be  published 
separately. 

Albekt  J.  Bernays. 

Chemical  Laboratory, 
St.  Thomas's  HosjAtnl  Medical  Collega. 
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STUDENTS  IN  CHEMISTRY. 


Manifold  as  are  the  substauces  which  we  meet  with  on  pveiy 
haud,  there  are  but  few  bodies  which  cannot  be  resolved  by 
licat  or  otherwise  into  simpler  forms.  Such  as  resist  all 
attempts  at  decomposition  are  called  Elements  or  simple  bodies. 

The  quantities  of  one  element  which  can  unite  with  a  con- 
stant quanlity  of  another,  increase  by  successive  sti-ps,  accord- 
ing to  simple  numerical  ratios.  Thus,  two  parts  by  weight  of 
Hydrogen  can  unite  with  sixteen  parts  by  weight  of  oxygen, 
and  further  with  thirty-two  parts  by  weight  of  the  same  element 
Oxygen.  This  fact  has  led  to  the  idea  that  the  elementary 
bodies  are  made  up  of  indivisible  particles  called  Atoms,  each 
having  a  constant  weight  peculiar  to  itself  A  collection  of 
elemeutaiy  atoms  united  together  to  form  a  compound,  con- 
i>titutes  a  Molecule,  the  weight  of  which  is  equal  to  the  weight  of 
the  .sum  of  its  component  atoms.  Thus  an  atom  of  Oxygen 
weighing  i6  unites  with  2  atoms  of  Hydrogen,  each  at(jm 
weighing  i,  to  form  a  molecule  of  hydrogen  oxide  or  Water, 
weighing  r6  -|-  2  =  r8. 

TIjcse  combinations  are  represented  by  symbols,  the  initial 
letter  of  the  element  denoting  the  atom  Thus  Iodine  is  repre- 
sented by  I;  it  unites  with  Hydrogen  II,  to  form  a  compound, 
the  molecule  of  which  is  expressed  by  the  letters  HI.  A  group 
of  two  or  more  aloms  is  expressed  by  a  numeral  either  before  the 
symbol,  or  by  a  small  numeral  to  the  right  of  the  symhol.  Thus 
2I  or  I2  denote  2  atoms  of  Iodine;  but  Ifi^  indicates  a  com- 
pound of  2  atoms  of  iodine  with  5  atoms  of  oxygen. 

When  one  element  takes  the  place  of  another  in  combination, 
the  substitutiim  always  occurs  in  proportions  which  are  fixed, 
defiidtc  and  invariable.  The  relative  quantities  of  different 
elements  which  thus  replace  one  another,  are  called  Equivalents 
or  Chemical  Equivalents:  they  aro  either  identical  witli  (he 
atomic  weights,  or  simple  multiples  or  snbmultiples  of  Ihem. 
When  Zinc  Ukea  the  place  of  Hydrogen,  the  quanlity  of  Zinc  is 
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only  one-Lalf  it-<  atomic  weight;  but. when  potassium  do(  s  so  the 
equivaleiits  are  in  tlie  same  jiroportioTi  as  their  atomic  weigHts 

Chemical  reactions  may  bo  rejiresentcd  symbolically  m  the 
form  of  equations,  the  symbols  of  the  reagents  being  placed  to 
tlie  left  and  those  of  the  results  on  the  same  line  to  the  right, 
only  separated  by  =.  Thus:  +  OH,  =  OK.,  +  H^.  Jn 
thi.s  case,  the  molecule  of  kalitjm  (potassium)  decomposes  the 
molecule  of  water,  into  Ihe  molecule  of  totassoxide,  and  tlie 
molecule  of  i-nDROCEN.  Multivalent  elements  often  exhibit 
varying  degrees  of  equivalency.  Thus  Carbon  is  quadrivalent 
in  Cn!  and  bivalent  in  CO.  Nitrcgen  is  univalent  m  JsoO, 
triv.leit  in  N^O^  and  quinquivalent  in  N,0,.  The  variation 
mostly  takes  place  by  two  units  of  equivalency. 

The  atomic  weights  of  those  elements  which  are  known  to 
exist  as  o-as  or  vapor,  are,  as  a  rule,  proportional  to  their  spe- 
cific gravities.    Taking  the  specific  gravity  of  hydrogen  as  i, 
then  are  the  sp.  grs.  of  Oxygen,  Nitrogen,  Chlorine  and  Fluorine^ 
and  of  the  vapors  of  Bromine,  Iodine,  Sulphur,  &clemiim  and 
Tellurium  (compared  under  the  same  conditions  of  teraperatoe 
and  pressure),  identical  with  their  atomic  weights.  Exceptions 
to  this  rule  are  exhibited  by  arsenieum  and  phosphorus,  who^e 
vapor-den.sities  are  twice  their  atomic  weights,  and  by  Cad- 
mium and  Mei-curv,  who.se  vnpoi-deusities  equal  only  halt  tlieir 
respective  atomic' weights.    With  these  exceptions,  the  com- 
bining volumes  of  all  elementary  gases  are  equal.    The  mole- 
cules of  compound  bodies  in  the  gaseous  state  occupy  the  space 
of  two  volumes  of  hydrogen.    As  the  molecule  ol  an  elenientaiT 
oas  is  made  up  of  two  atoms,  it  may  be  said  that  equal  volumes 
of  all  gases  contain  equal  numbers  of  molecules,  or  that  the 
molecules  of  all  gases  occupy  equal  volumes  (Law  ot  Avogadro). 
Thus  is  afforded  a  sure  mode  of  fixing  the  molecular  constitu- 
tion of  all  compounds  obtainable  as  gasrs,  and  of  ascertaining 
the  atomic  weights  of  the  elements. 

When  it  is  said  that  the  sp.  gr.  of  any  compound  gas  or 
vapor,  referred  to  hydrogen  as  unity,  is  equal  to  half  its  atomic 
or  molecular  weight,  it  must  be  remembered  that  a  lew  excep- 
tions are  Icuown,  Thus  ammonthm  chlokide  C1H,N,  occupies,  as 
vapor,  four  times  the  space  of  an  atom  of  hydrogen.  The  same 
exceplions  we  have  in  the  cases  of  phosphoric  chloride  CI; 

OIL  OF  VITRIOL  SO,(OH).,;  MEROrRCIIS  CHLORIDE  Hg.CU  :  AMMO- 
NIUM HYDROGEN  .SULPHIDE  SH(H,N)  &c.  &c    .  ^1^^^,      ^  -  tan 
extent,  the  explanation  may  he  m  the  supposition,  that  the  high 
temperature  to  whiph  they  are  subjected  bungs  about  a  partial 
decomposition  or  "  dissociation."  ,     ,  i 

If  olie  or  more  of  llie  atoms  of  a  fully  saturated  molecule  he 
removed,  it  is  obvious  that  the  resi.h.e  will  be  no  longer  satu- 
rated •  such  residues  arc  called  Kadicles.    In  the  case  ot  the 
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tetrad  Curbnn,  the  saturated  liydrogen  cnmpound  is  known  as 
siETHANE  CH^;  the  removal  of  one  atom  of  liydrogen,  leaves  a 
residue  known  as  jiethtl  CH3.  A  furtlier  removal  of  an  atom 
of  hydrogen,  leaves  a  bivalent  r  idicle  methene  CH,„  If  we  take 
away  three  atoms  of  liydroiren  from  methane  Cllj,  we  obtain 
tlie  trivalent  radicle  metiientl  CH.  Lastly,  when  all  the 
hydrogen  is  removed,  we  have  the  tetrad  Carbon  remaining.  So 
likewise  with  the  siiturided  molecuKi  hydrogen  oxide  or  water 
OH.^;  take  away  an  atom  of  hydrogen,  and  we  have  a  monad 
radicle  hydroxyi,  OH,  analogous  to  chlorine,  &e. 

Tlie  atomic  weight  of  an  element  is,  then,  in  some  cases 
identical  with  its  equivalent;  in  other  cases  equal  to  two, 
three,  four,  five  times,  &c.,  its  equivalent  weight.  In  other 
words,  one  atom  of  an  element  may  displace  or  be  substi- 
tuted for  r,  2,  5,  4,  5,  6  atoms  of  hydrogen.  This  difierence  in 
comljining  or  satui-atiug  power  is  called  Atomicity  or  Quanti- 
valence. 

The  elements  are  64  in  number,  and  may  be  arringed  ac- 
cording to  their  quantivalence.  They  are  either  monads,  dyads, 
triads,  tetrads,  pentads,  or  hexads ;  either  nnivalent,  bivalent, 
trivalent,  quadrivalent,  quinquivalent  or  sexvalent.  Elements 
of  even  equivalency  are  called  artiads  ;  of  uneven,  perissads. 


Alpjiabetical  Table  of  the  Elements,  Symbols,  and 
Atomic  Weights. 


Aluminum 

Al 

27 

.5 

Gallium 

Ga 

68 

Argentum 

Ag 

108 

Glucinum 

G 

9 

.3 

Arsenicum 

As 

75 

Hydrargyrum 

Hg 

200 

Aurum 

Au 

196, 

6 

Hydrogenium 

H 

1 

Barium 

Ba 

137 

Iodine 

I 

127 

BisTiuth. 

Bi 

210 

Indium 

In 

113 

.4 

Boron 

B 

11 

Iridium 

Ir 

198 

Bromine 

Br 

80 

Kalium 

K 

39, 

,1 

Cadmium 

Cd 

112 

Lanthanum 

La 

139 

Caesium 

Cs 

133 

Lithium 

L 

7 

Calcium 

Ca 

40 

Magnes  um 

Mg 

24 

Carbon 

C 

12 

Manganesium 

Ma 

55 

Cerium 

Ce 

138 

Molybdenum 

Mo 

96 

Chlorine 

CI 

35. 

5 

Natrium 

Wa 

23 

Chromium 

Cr 

52. 

2 

Nickel 

Ni 

58. 

8 

Cobalt 

Co 

58. 

8 

Niobium 

Nb 

94 

Cuprum 

Cu 

63. 

4 

Osmium 

Os 

1!J9 

Didymium 

D 

144. 

75 

Oxygenium 

0 

16 

Erbium 

E 

168. 

9 

Palladium 

Pd 

106. 

5 

Ferrum 

Fe 

56 

Phosphorus 

P 

31 

Fluorine 

F 

19 

Platinum 

Pt 

197. 

1 

B  2 
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Alphabetical  Table  of  the  Elements,  &c.^ont!nued. 


Plnnibinn 

Pb 

207 

Tellurium 

HViofliiiiii 

R 

_ 

104. 

3 

Tballium 

Rubidiuni 

Rb 

_ 

85. 

4 

Thorium 

Ruthenium 

Eu 

104. 

2 

Titanium 

Selenium 

Se 

79. 

5 

Tungsten 

Silicium 

Si 

28 

Uranium 

Stannum 

Sn 

118 

Vanadium 

Stibium 

Sb 

122 

Yttrium 

Strontium 

Sr 

87 

.6 

Zincum 

Sulphur 

S 

32 

Zirconium 

Tantalum 

Ta 

182 

Te 
Tl 
Th 
Ti 
W 

u 

V 
Y 
Zn 
Zr 


=  129 
=  203.6 
=  231.5 
=  50 
=  184 
=  120 
=  51.3 
=  92 
=  65.2 
=  89.5 


1.  Oxygen 

2.  Hydrogen 

3.  Nitrogen 

4.  Carbon 

5.  Chlorine 

6.  Bromine 

7.  Iodine 

8.  Fluorine 


A.  The  Non-Metallic  Elements. 

0  =   16  9.  Sulphur 

H  =     1  [10'  Selenium 

N  =   14  [11-  Tellurium 

0  =   12  12.  Boron 
CI  =   35.5  13.  Silicon 
Br  =   80  14.  Phosphorus 

1  =  127  15.  Arsenicum  As 
F  =  19 


s 

=  32 

Se 

=  79.5] 

Te 

=  128] 

B 

=  11 

Si 

=  28 

P 

=  31 

As 

=  75 

Selenium  and  Tellurium,  which  are  bracketed,  are  of  no  im- 
portance except  to  students  of  Chemistvy  Hy-ii-ogeia  is  properiy 
speaking,  a  metal;  but  this  division  of  the  elements  is  onlj  re- 
tained because  of  the  requii-ements  of  certain  Universities. 

I.  Oxygen  0  =  16.    0,  =  32.  / 

A  dyad  element.  Colorless,  tasteless  and  inodorous  gas: 
uninflammable.  A  gre^t  supporter  of  combustion.  Necessary 
r  nspknton,  decay,  germination,  and  the  commence.neut  of 
pnt^^fKn.  The  mostma^netic  of  g.xses :  the  diai-nal  vanat.ons 
of  the  needle  referable  to  the  effects  ot  heat  upon  it.  />xygcn  s 
i6  X  heavier  tlian  its  own  volume  of  hydrogen.  One  litre  weighs 
43  grammes  ;  1 1 . 1 9  litres  weigh  ,  6  grammes  (one  gramme  is 
eaiial  to  15.4,2  grains  and  one  litre  to  1.76  pmts  .  Compared 
vSlry  air  it  has  a  ix4,.tive  weight  or  specific  gravi  y  of  i^^ 

one  hundred  cubic  inches  weigh  34- -9  grants  at  i,  .  5  C.  aiid 
^o''  bar.  In  water  it  is  very  little  soluble;  100  vols,  dissolve 
1  99  vols,  at  rs°  C,  and  4. 1  ■  vols,  at  0°  C.  In  the  Ireejtato 
or  native  oxygen  constitutes  21  per  cent,  by  measur..,  and  23 
per  SnI  by  wight  of  dry  air.  Combined  mth  Hy.irogen  in 
Z  form  ot' Water  Oil,,  it  forms  I  of  the  weight  ot  the  latter. 
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It  is  a  constituent  of  most  minerals,  and  of  a  great  number  of 
ortranic  compounds. 

When  bodies  are  burnt  in  oxygen,  tliey  oxydize,  and  increase 
in  weight.  Thus  at  a  temperature  of  315°,  Mercury  (Hydrar- 
gyrum llg)  slowly  oxydizes  and  becomes  red  in  colour,  and 
when  further  heated  gives  off  oxygen  again.  Priestley  in  1774 
first  prepared  oxygen  from  mekcurio  oxihe.  Prep.  i.  From 
mercuric  oxide  HgO,  by  heat :  2HgO  =  2Hg  +  0,.  2.  From 
manganese  dioxide  MnO„,  by  heat :  manganous-manganic  oxide 
MujO^  remains.  311062  =  M1I3O4  -i-  0„.  One  kilogramme 
(2.2  lbs.,  each  pound  of  7000  grains)  of  the  ore  will  yield  about 
50  litres  of  oxygen.  3.  From  barium  dioxide  BaO,,  by  heat; 
BARIUM  OXIDE  BaO  remains.  2Ba02  =  2BaO  +  Oj.  4.  From 
hydrogen  oxide  OH2  by  electrolysis  ;  oxygen  separates,  because 
the  electro-negative  element,  at  the  positive  pole  or  platinode. 
4.  From  potassium  (kalium)  chlorate  KCIO3  by  heat:  potas- 
sn'M  CHLOKiDE  KCl  remains.  2IVCIO3  =  2KCI  +  3O2  (the chemi- 
cal action  is  more  correctly  :  1.  2C10„0K  =  CIK  -f  CIO3OK  -j- 
O2.  2.  CIO3OK  =  CIK  +  2O2).  [122.6  parts  by  weight  of 
potassiiun  chlorate  will  yield  48  parts  by  weight  of  oxygen.  One 
hundred  parts  therefore  :  122 . 6  :  100  : :  48  :  x=  39. 15.]  Forother 
methods,  see  also  hydrogen  snLPHATE  S02(OH)2 ;  manganese 
dioxide  Mn02 ;  potassium  dichromate  CrjOjKj ;  and  potassium 
chlorate  Cld2(0K),  p.  20. 

Ozone  O2O  =  2  vols.  An  allotropic  modification  of  oxygen,  or 
oxygen  under  difierent  physical  and  ciiemical  aspects.  By 
Schoubein.  Best  prepared  by  Siemens'  induction  coil,  in  action, 
upon  oxygen.  Also  by  moist  phosphorus  upon  air  or  oxygen. 
Gas  of  peculiar  metallic  odor,  insoluble  in  water,  in  all;aline 
and  acid  solutions.  Absorbed  by  solution  of  potassium  iodide 
KI.  Irritates  respiratory  organs.  Instantly  decomposed  at  290° 
into  oxygen  gas  ;  two  volumes  into  three.  Is  contained  in  minute 
c^uantities  in  pure  air,  but  is  instantly  removed  by  putrescent 
matter.  A  grand  oxydizing  agent :  bleaches  also  and  disinfects. 
Iron,  mercury,  copper  and  iodine  are  oxydized  by  it,  and  so  ia 
also  silver  leaf  if  ozone  moist.  Best  test  for  ozone  is  a  paper 
soaked  in  solution  of  potassium  iodide  and  stnrch  :  the  liberated 
iodine  blues  the  paper.  Thus :  Ofi  +  2KI  +  OHj  =  2HOK 
+  O2  +  I2.  ^ 

II.  Hydrogen  H  =  1.        =  2. 

A  monad  element :  the  standard  of  atomic  weights.  Color- 
less, tasteless  and  inodorous  gas,  at  least  when  pure.  Inlliiin- 
mable  when  hented  in  air  or  in  oxygen,  burning  into  Hydrogen 
oxide  or  water  OU^.  Tlio  lightest  of  all  gases.  Its  density  as 
compared  witii  air  0.0691.    One  litre  weighs  only  0.0896  of  a 
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fri-amme  •  1 1 .  19  litres  -weisli  one  grnmme  at  o^^C,  and  760  milli- 
7neti-es  bar.  100  c.  ii.  weigh  2  .14  grains.  [Tlje  weight  of  one 
Litre  0.0896,  or  say  9  Centi-ramraes,  is  called  a  Cnth  bv  Hott- 
mann.  In  these  "  Noles,"  preference  is  given  to  Dr.  Williamson  s 
standard,  the  weisjht  of  one  Gramme  of  Hy(U-ogen  =  11 . 1 9 
litres.]  Hydrogen,  like  oxygen,  hi.s  never  been  liquefied.  Water 
dissolves  oiily  1.93  pel' cent- at  15°  0. 

Meteoric  iron  generally  contains  Hydrogen,  and  indeed  tlie 
latter  constitutes  the  chief  element  in  the  atmosphere  ot  a 
numeious  class  of  stars.  H  penetrates  iron  and  platinum  tubes 
at  a  red-heat.  Palladium  ibil  condeus(  s  645  times  its  volume  ot 
hydrogen  below  roo''  C,  and  Palladium-sponge  90  vols.  This 
absorption  called  Occlusion.  mu    t^c  ■ 

The  difEusive  power  of  Hydrogen  is  very  high,  ihe  difiusive 
power  varies  inversely  as  the  square  root  of  the  den^^ity  ot  the 
gas  Thus  the  respective  densities  of  hydrogen  and  oxygen  are 
as  T  to  16  •  their  relative  rates  of  diffusion  are  as  the  square  roots 
of  thf  se  numbers.  The  rates  of  ElFusion  of  gases,  or  the  rate  ot 
imssage  through  a  minute  aperture  iu  a  thin  plate  of  metal  or 
other  substance  into  vacuum,  follow  the  same  law  as  their  rates 
of  diffusion.  .  . 

Hydroo-eu  is  found  chiefly  in  combination  with  oxy.iien  m 
wa  ter  and  iu  nearly  all  organic  compounds.  It  is  separated  from 
HYDROGEN  OXIDE  OH,,  either  by  electrolysis,  or  by  the  action  of 
certain  other  metals  possessed  of  a  stronger  afSnity.  Frep.  ot 
hydrogen  1.  From  0H„  by  electrolysis  :  as  a  metal  or  tlie 
electro-positive  element,  H..  separates  at  the  zincode  or  negative 
iiole  From  water  in  the  form  of  steam,  when  passed  over 
red-hot  iron ;  ferkous-feeric  oxide  ¥e,0,  remains.  Fej  + 
Ojj  _  o  Fe  -1-  4H,.  3.  From  water  by  the  action  ot  natrium 
(sodium)  Na.  sodium  hydroxide  NaOH  is  found  in  solution. 
Na„  4-  2OH,  =  2NaOH  +  H^.  4.  By  action  of  zinc  iipon 
hy£)R0GEN  c'hloeide  CIH  :  zinc  chloride  ZnCL  is  found  in 
solution.  Zn  +  2CIH  =  ZnCU  +  H,.  5.  Also  by  the  action  of 
ZINC  upon  HYTOOGEN  SULPHATE  SO,H„  diluted  w.th  water :  ZINC 
SULPHATE  SO.Zn  remains.  Zn  +  SO4H,  -t-  water  =  bO.Zu  + 
water  +  H„.  _ 
Compounds  of  H  with  0.— 1.  Hydrogen  oxide  0H„  =18. 
Water  is  a  clear  transparent  fluid,  colorless,  but  ot  a  blue  tint 
in  mass.  Below  0°  0.  it  freezes  and  crystallizes  in  rhombohedra 
and  in  six-sided  prisms.  At  100°  C,  and  Bar.  30'  it  boils,  having 
a  vapor  possessed  of  the  same  elasticity  as  the  air.  Vapor- 
density  compared  with  air  0.625,  compared  with  H=  9.  Increased 
pressure  raises  the  boiling-point,  and  so  docs  also  the  presence 
of  a  solid,  &c.  Maximum  density  at  4°  G.  Sp.  gr.  of  ico  0;94. 
One  litre  of  water  at  4°  C,  weighs  1000  grammes.  LOue  c.i.  ot 
water  at  ib°.6G.,  weighs  252.456  grs.,  and  a  cubic  foot  097 
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oz.  avoirdupois.  N.B.  43  7.';  gi'S.  to  one  oz.  and  7000  grs. 
to  one  lb.  avoirdupois.]  One  imperial  Gallon  weighs  70,000  grs. 
or  10  lbs.  avoii-dupois.  Water  is  8:5  times  Loiivier  than  uir. 
Latent  heat  of  water  7q°C. ;  latent  lieat  of  steam  at  100°  C, 
<; !  7°  C.  In  the  state  of  vapor,  water  consists  of  two  vols,  of 
H  and  one  vol.  of  0  condensed  into  two  vols.  Water  is  a  great 
bolveiit  of  solids,  liquids  and  gases,  especially  of  the  latter.  As 
the  ail-  is  a  mixture,  and  the  oxygon  is  more  soluble  than  nitrogen, 
at  10°  0.  the  ratio  of  admixture  is  3-;  vols,  of  0  to  G9  of  N.  Many 
oxides  unite  witli  water  to  Hydroxides  with  gi-eat  heat:  thus, 
POTASSIUM  HYDROXIDE  or  HYDRATE  KOH.  Many  salts  (anhy- 
drous) unite  with  water  without  alteration  of  atomic  arrangement : 
Water  of  Crystallization  which  is  easily  removed  by  heat. 
Cryohydrates  exist  oidy  below  0°  C. ;  e.p.  NH.,C1,  j  20H„.  Losr* 
of  water  by  a  salt,  iEfiloresceiice ;  attraction  of  water.  Deli- 
quescence. Substances  of  great  diffusihility  called  by  Graham 
Crystalloids;  of  low.  Colloids.  Separation,  by  Dialysis.  2.  Hy- 
drogen I'EKOXIDE  OoH.,  or  DI-HY'DKOXYL.     A  li(iui<l  of  sp.  gr. 

I.  453  discovered  byTJienard  in  181K.  Besembles  chlorine  feebly. 
Begins  to  give  off  0  at  20°  G.,  and  tlie  whole  at  100°  C,  being 
reduced  to  watei'.  Bleaches  litmus.  Oxydizes  black  SPb  to 
white  SO^Pb.  Oxides  of  silver,  gold  and  platinum,  j-educed 
to  metals.  Silver  oxide  Ag,0  -f  hydrogen  fehoxidu  0.,Ji,,  = 
Ago  -f  OH,  -f  0.,.  One  molecule  of  e:ich  is  separated.  Peroxides 
similarly  evolve  0  and  are  reduced  to  lower  oxides.  Tl}is  is  well 
seen  in  the  case  of  ozone  and  hydrogen  peroxide  :  0„0  +  O2H2 
=  OH2  +  2O.,.  Pre^).  From  barium  peroxide  BaO„  in  presence 
of  WATER  and  hych'ogen  chloride.  BaO,  +  OIL,  +  2CIIi  =  EARiUM 
CHLORIDE  Cl.^Ba  +  OH,  +  OjHo. 

III.  Nitrogen  N  =  14.    N.,  =  28. 

Also  called  Azote.  Triad  clement  in  ammonia  H3N  :  pentad 
in  N2O5  :  monad  in  N.^O.  Colorless,  tasteless,  inodorous  gas  : 
uninflammable;  incombustible  in  air,  and  not  a  supporter  of 
combustion.  Discovered  by  Kutheribrd  in  1772.  fLightor  than 
air:  0.972.     One  hundred  c.ii.  at  0°  C,  weigh  50.935  Si'i's.] 

II.  19  litres  wcigii  14  grammes.  100  vols,  of  water  dissolve  2.0; 
vol.s.  at  0°  C,  and  (.48  vols,  at  15°  C.  Practically,  N  is  one-liulf 
as  .soluble  as  0. 

Atmospheric  air  is  a  mixture  of  nitrogen  witli  oxygen,  in  the 
ratio,  wiien  dry,  of  79  vols,  of  K  with  21  vols,  of  0.  Pnij). 
Dependent  upon  the  easy  removal  of  oxygen  from  air  by  combus- 
tion of  jihospiiorus  ;  or  by  passing  air  over  red-hot  copper,  wlu^n 
copfier  o.xido  CuO  remains.  2.  By  heating  ammoniu.m  NiTiiiTt; 
K0(ONHJ,  when  water  and  nitrogen  alone  result:  NO(()NHj  )  = 
2OH2  -f-  N.;.    3.  Also  by  passing  Chlorine  gas  through  solution 


S  AMMONIA.     IIYDROXYLAMINE.     NITRIC  ACID. 

of  AMMONIA  H3N.  Thus :  3CU  +  2NH3  =  6C1H  +  N,.  4.  An 
alkaliae  solution  of  pyrogallic  acid  GJioO^,  may  also  be  em- 
ployed for  removing  o.\ygen  Irom  the  air  ;  see  '  Organic  Chemistrj^ 
5.  i3y  mixing  air  witii  hydrogen,  and  detonating  with  electi-ic 
spark :  eudiometer. 

Compounds.  Nitrogen  with  hydrogen.  A31MOKIA  K^S  or  NH3 
=  1 7.  Colorless,  irrespirable  gas,  of  pungent  odor,  exciting  to 
tears.  Feebly  combustible  owing  to  the  hydrogen  with  pale 
greenish  flame.  Alkaline  reaction.  Sp.  gr.  of  gas  compared  with 
air  o  5  89  II. ly  litres  weigh  8.-;  grammes.  "Under  pressure  of  6.5 
atmospheres  at  15°  C,  into  a  colorless  liquid.  Veiy  soluble  ni 
water  and  in  alcohol.  Water  dissolves  r  1 80  tunes  its  vol.  at  o  0. ; 
898  times  at  10°  G.,  and  7  27  vols,  at  15°  C.  Its  solution  m  water 
is  a  valuable  re-agent;  the  strongest  has  sp.  gr.  0.88,  contains  36 
per  cent,  by  weight,  and  boils  at  54°  C.  Such  solution,  colorless, 
completely  volatile,  does  not  precipitate  calcium  hych-oxide,  nor 
argentum  nitrate  when  super-saturated  with  hydrogen  nitrate 
(absence  of  cljloride),  nor  barium  chloride  (absence  of  sulphate). 
H3N  is  produced  in  respiration,  as  well  as  in  the  decay  and  com- 
bustion of  all  nitrogenized  bodies.    Prep.  From  equal  weights  of 

AMMONIUM  CHLORIDE  ClHjN,  and  CALCIUM  OXIDE  OCa:  CALCIUM 

CHLORIDE  01.,Ca,  WATER  OH.,  and  ammonia  H3N  result.  iH^NLl 
-I-  OCa  =  Ci^Ca  -t-  OH,  +  3H,N.    Slaked  lime  or  calcium  hy- 
droxide CaO,OH„  or  CaH„0,  may  also  be  used.    [Students  should 
accustom  tliemselves  to  various  modes  of  writing  symbols.] 
Ammonia  may  unite  directly  with  certain  salts  ot  hydrogen, 

as  with  HYDROGEN  CHLORIDE  HOI,  tO  AMMONIUM  CHLORIDE  NH^Cl, 

or  to  AMMONIA  HYDROCHLORIDE  NH3HCI  (.4  vols.).  In  Water  it 
behaves  like  a  hydroxide  NH.OH,  in  which  hypothetical 
AMMONIUM  NH4  is  united  with  hydroxyl  OH.  [Hydroxylamine 
NH.OH  or  NH3O  is  intermediate.  It  may  be  formed  by  the  direct 
union  of  nitrogen  oxide  NO  with  H,  and  also  by  the  action  of 
H  upon  NITRIC  ACID  NO.OH.  Thus :  NO.OH  +  3H,  =  2OH, 
+  NH„OH.  Very  volatile,  decomposable  base.  Gives  grass- 
green  precipitate"  with  cuprio  sulphate,  and  decolorizes  ammon- 

iacal  cupric  sulphate.]  xt  r.  xt  n  -m  n  xr  r> 

Nitrogen  with  oxygen.  5  compounds  :  N„0,  JSI0O2,  JN  2U3,  iS  0U4, 
N„0,.  [Nitric  Anhydride  N„0,.  Eiglit  rhombic  prisms, 
brilliant,  colorless.  Fuse  at  85°  C,  boil  at  1 13°  C,  and  de- 
compose. With  OH,  into  hydrogen  nitrate  or  nitric  acul  :  jNoO^ 
-f  OPl„  =  ^NOjOH."  rrep.  by  chlorine  upon  argentum 
NITRATE  NOoOAg.  Thus:  iCl^ -f  4N0,0Ag  =  4ClAg  +  O,, 
4-  ^N„0..1  Nitric  acid  or  hydrogen  nitrate  NO„OH  or  HHO3 
=  63.'  The  aqua  foriis  of  the  alchemists.  Fmning,  corrosive 
liquid  of  sp.  gr.  1 .5  2  at  C,  boils  at  8s°  C.  By  Layendish  m 
1785.  May  be  called  a  salt  of  hydrogen  or  ot  the  mdnde 
hydroxyl,  as  is  the  case  with  all  acids.    Freezes  at  -40  O. 
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Stains  the  skin  yellow.  An  escharotic.  Cannot  be  distilled 
without  partial  decomposition.  Yellow  color  due  to  N2O3  iu 
solution.  Monobasic  acid,  as  it  contains  only  one  atom  of 
displaceable  Hydmgen  H,  or  Hydroxyl  OH.  All  its  salts 
soluble  in  water,  except  tiisaitrate  of  bismutli.  When  the 
acid  of  t.52  is  boiled,  oxygen  and  nitrous  anhydride  are 
evolved,  the  boiling-point  rises  to  121°  C,  and  an  acid  distils 
of  composilion  ap[;roaching  to  2N020H,50H2:  not  a  true 
hydrate,  but  stable  under  ordinary  pressures.  Silver,  copper, 
mercury,  are  ehanged  into  nitrates,  with  evolution  of  orange 
fumes,  when  heated  with  nitric  acid.  It  bleaeiies  solution  of 
indigo  in  hyilrogen  sulphate,  and  in  a  free  state  browns  solution 
of  ferrous  sulphate.  Prep,  from  sodii'm  nitrate  NO^ONa  by 
distillation  with  sulphuric  acid  SO^COH),.  Thus  :  NOjONa  + 
SO,(0H),  =  SO^OHONa  +  NO„OH.  Better  from  sodium  than 
potasaiuin  nitrate,  because  at.  weight  of  sodium  is  23,  and  that 
of  potassium  is  39.1.  Potassium  nitrate  NO-^OK  is  saltpetre. 
Sodium  nitrate  NO._,ONa  is  cubic  nitre.  Ammonium  nitrate, 
NO0ONH4  is  used  ill  making  nitrous  oxide  ON,.  2.  Nitbous 
oxide,  on,  or  N„0  =  44.  Also  monoxide  or  laughing  gas. 
Colorless  inodorous  gas,  of  sp.  gr.  1.527.  Sweetish  smell 
and  taste.  100  vols,  of  water  at  0°  C.  dissolve  130  vols,  of 
the  gas.  Under  pressure  of  50  atmospheres  at  7°  C,  reducible 
to  a  colorless  liquid,  which  freezes  at  —  99°  C,  and  boils 
at  —  92"  C.  The  gas  supports  combustion.  Much  used  as 
antesthetic  in  dentistry.  -By  repeated  iieating  into  2  vols,  of 
N.  and  i  vol.  of  0.  When  potassium  heated  in  it,  potass- 
oxide  OK,  and  N2  result.  Prep,  of  the  gas  :  i.  By  heating 
ammonium  nitrate  N0,0NPl4  above  230° C.,  it  breaks  up  into 
water  and  nitrous  oxide:  NO2ONH,,  =  2OH2  -|-  ON,.  2.  By 
dilute  nitric  acid  upon  zinc;  zinc  nitrate,  water,  and  nitrous 
oxide  result.  ioNO,OPI  +  ^.Zn  +  nOH^  =  4[(NO„)2  0„Zn] 
+  ON2  +  nOH,  +  50'H.2.  3.  Nitric  oxide  or  nitrosyl 
NO  =  30.  A  colorless  gns  of  sp.  gr.  1.039.  IiTespirable, 
suffocating.  Very  stable.  Supports  burning  of  lighted  phos- 
phorus. Absorbed  by  Ferrous  sulphate  SOjOjFo  to  olive- 
hrown  compound  2[S02(0,Fe)],N0.  Neither  acid  nor  alkaline. 
A  test  tor  free  oxygen,  with  which  it  unites  to  nitrogen 
TRioxiDE  N2O3,  or  NiTiioOEN  PEROXIDE  NO^,  acooixling  to  the 
amount  of  oxyficn  employed,  with  production  of  orange-colored 
gas.  Prep,  of  NO.  By  the  action  of  Cu  upon  hydrogen 
nitrate:  copper  nitrate,  water,  and  nitrosyl  result.  3CU 
BNOjOH  =  3  [(N02)/),Cn]  +  4OH2  +  2]nO.  4.  Nitrogen 
TRIOXIDE,  or  Nitrous  anhydride  N,^03.  At  —  18°,  a  thin, 
mobile  blue  liquid,  which  gives  off  orange  vapors.  At  ordi- 
nary temperiitures  a  vapor,  prepared  by  mixing  four  voluniea 
of  Nitrosyl  NO  with  one  volume  of  oxygen  2NO  4-0  =  NjOj. 
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Mixed  with  liltle  water,  into  nitrous  acid  NO(OH).  Thus  : 
NoOj  +  OH.,  =  2N0(0H).  But,  with  more  water,  into  nitric 
oxide  or  nitrosyl  and  nitric  acid.  3N2O3  +  OH,  —  4NO  + 
2]SrO.,OH.  P?-ep.  as  above.  [Also  by  nitric  acid  upon  arse- 
nious'  anbydride  Ks„0^.  Thus  :  As^O,  +  iNO^OH  +  ^OH, 
=  :[AsO(OH)3]  +NJO3].  Ammonia  becomes  nitrous  acid 
in  contact  with  heated  platinum  or  platinum  black.  Copper 
also  cli'ects  tlie  change  in  presence  of  air.  Acidulated  solutions 
of  nitrites  bleach  permanganates.  Nitrites  detected  by  added 
hydrogen  cidoride  with  starch  and  potassium  iodide.  Dilute 
hydrogen  sulphate,  together  with  ferrous  sulphate  mny  be  em- 
ployed :  immediate  browning.  5.  Nitrogen  peroxide  NO, 
=  4ft.  In  prismatic  crystals,  which  melt  at  —  9°  C.  to  a 
mobile  liquid  of  greenish-yellow  tint ;  boils  at  22°  C.  Vapor 
red-brown,  deepening  witli  rise  of  temperature.  Indeed,  at 
low  temperatures  it  is  a  tetroxide  N„Oj  ;  at  higher,  above 
1^4°  C,  a  dioxide  or  peroxide  NO.:.  Largely  contained  m 
the  nitrous  acid  of  commerce.  Decomposed  by  little  water,  so 
as  to  yield  nitric  and  nitrous  acids,  2NO2  +  0H„  =  NOjOH 
-f  NOOH.  Bv  excess  of  water,  into  hydrogen  nitrate  and 
nitrosyl:  3  NO^  4-  OH,  =  2NO.OH -f  NO.  Prep.  i.  By 
mixing  2  vols,  nitric  oxide  with  r  vol.  of  oxygen  NO  -1-  O 
=  NOo.  2.  By  heating  lead  nitrate  (NO„)oO„Pb  to  strong 
rednes's  in  a  retort  2[(N0,),0„Pb]  =  20Pb  +  0„  +  4N0„. 

IV.  Carbon  C  =  12. 

A  tetrad  element,  whose  natural  condition  is  that  of  a  soUd 
body.  Native  in  two  dissimilar,  aUotropic  moditicati. ms.  i .  As 
Diamond,  sp.  gr.  3.33  to  3.55-  I"  ^^xxus  belonging  to  the 
regular  system.  Insoluble  in  all  media  and  infusible.  The 
hardest  of  all  bodies,  cut  and  polished  by  its  own  powder. 
Lustrous  and  of  high  refractive  power.  A  non-conductor  of 
electriidty.  Heated  in  voltaic  arc,  it  swells  up,  reseinbles  coke 
in  appearance,  and  becomes  a  conductor  of  Electricity.  2.  As 
Graphite  or  Plumbago  of  sp.  gr.  from  2.55  to  2.15.  In  powder 
known  as  black  lead.  Either  massive,  or  in  six-suled  plates 
belonging  to  rliomhobedral  system  :  hence  is  Carbon  dimorphous, 
as  it  crystallizes  in  twou-reconcilable  geometrical  forms.  Metallic 
lustre,' friable,  unctuous  to  the  touch,  and  leaves  black  mark  upon 
paper.  Vi-ry  hard.  An  excellent  conductor  of  electricity.  Used 
for  protecting  iron  from  rusting,  and  ibr  lubricating  machinery. 
When  acted  upon  by  nitric  acid  and  potassium  chlorate,  into 
graphic  acid  0„H,b,, :  diamond,  similarly  treated,  not  acted 
upim.  As  amorphous'  Carbon  or  lamp-black,  a  third  ai  titicial 
variety  of  carbon  innst  be  mentioned.  It  is  the  basis  of  jirmt- 
ing-in'ks,  and  is  readily  produced  by  the  incomplete  combustiou 
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of  resinous  bodies,  rich  in  carbon  and  hydrogen.  It  may  also 
be  considered  the  light-giviiiK  principle  iu  flames.^  VVood- 
chaicoal,  coke  and  soot,  are  also  impure  varieties  of  carbon. 
Strcmgly  antiseptic:  Cataplasma  carbonis.  Decolorizing.  AH 
amorphous  Viirieties  of  carbon,  when  lieated  witii  nitric  acid 
and  potassium  chlorate,  are  dissolved  to  brown  solutions. 

Compounds.  Carbon  with  Hydrogen,  i.  Acetylene,  or  E  ihine 
C.,H„  =  26.  Colorless  gas  of  peculiar  odor,  burning  -with 
smnky  flame  to  carbonic  anhydride  CO.,  and  water  OH.,.  Two 
vols.,  C.,H„  requiring  five  vo"ls.  of  O  for  complete  combustion. 
Prep.  A  constituent  of  coal-gas,  and  always  produced  iu  the 
incomplele  combustion  of  methane  CH4  and  ethene  C.^H.,. 
Also,  by  synthesis  of  its  elements.  2.  Methane  CH,  =  16.  Also 
enlled  marsh-gas,  light  carbonetted  hydrogen  and  fire-damp. 
Colorless,  inodorous,  tasteless  gas,  scarcely  soluble  iu  water. 
Inflammable,  burning  into  OH^  and  COo,  requiring  twice  its 
volume  of  oxygen  and  10  x  its  volume  of  air.  Is  the  first  of  the 
paraflES,  see"'  Org.  Chemistry.'  As  to  quantity,  is  most  largely 
present  in  coal-gas.  Prej].  by  heating  sodium  acetate  CHjCOONa, 
with  SODIUM  HYDROXIDE  HONa ;  sodium  carbonate  COiONa), 
and  methane  CH,  are  alone  produced.  [Excess  of  Cl„  in  ex- 
posed light  converts  CH,  into  CCI4  and  4HOI.  Moist  CH^  and 
4Cl,(-|-2"0Hj)  in  diffused  light  into  00^  +  atlCl.]  3.  Ethl-NE 
C„H^  =  28.  "Also  ethylene,  and  olefiant  gas.  Colorless,  trans- 
parent, of  faint  alliaceous  odor.  Ijiquefied  imder  great  pres- 
sure. Burns  with  white  flame  into  CO,  and  OH^.  One  vol. 
requires  three  vols,  of  0  for  complete  combustion.  C2H4  +  30.^ 
=  2CO2  -f  2OH2.  Soluble  in  twelve  times  its  bulk  of  water. 
Contained  in  coal-gas.  Prep.  a.  From  ethine  C^H^  by  nas-ceut 
hydrogen.  CH,  +  =  CH^.  b.  From  ethylic  alcohol 
CjHjOH,  by  a  desiccator  or  dehydrant.  CoH^OH  -  OH3  ^  C„H.,. 
[Ethene  C.,H_,  unites  directly  with  Clj  "to  ethene  diohlohide 
CoHiCl..  or  Dutch  litpiid.  Colorless,  aromatic  liquid,  of  sp.  gr. 
i'28ato°C.l  4.  BuTYLENE  C4H8  =  '•jfi.  Also,  Oil-gas.  Color- 
less gas,  liquid  at  0°  C.  Polymeric  with  ethene;  tlie  same  per- 
centage composition,  wilh  different  condensation  in  the  molecule. 
— Carbon  with  Oxygen,  r.  Carbon  oxide  or  carbonic  oxide 
CO  =  28.  Transparent  colorless  gas,  of  sp.  gr.  0.967.  100  vols, 
of  water  dissolve  5.28  vols.  ato°C.,  and  2.43  vols,  at  15°  C. 
Irrespirable  ;  uninflammable.  Burns  with  blue  flame  into  CO,. 
[Absorbed  by  BLj  at  80°  C.,  and  forms  K/X^t  Solulion  of  Cu._,Cl2 
also  absorbs  it,  and  forms  CO,  CUjCl^,  2OI-L,  in  scales.  As  the 
residue  of  CO,  after  abstraction  of  O,  it  constitutes  an  impor- 
tant dyad  radicle,  carbonyl  CO,  in  organic  bodies.]  Contained 
in  ooal-gas,  &c.  Prep.  a.  By  heating  CO,  witli  C  =  2CO. 
h.  By  heating  zinc  or  ferrum  in  CO.^.  Zn  +  COj  =  ZnO  -j-  CO. 
c.  By  heating  CO2  and  II,  together :  =  OIIj  +  CO.    d.  By 
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heating  oxalic  acid  CjOsCOH),.  with  a  desiccator :  =  OH,  + 
COo  +  CO.  2.  Carbonic  anhydride,  or  carbon  dioxide  CO,  =  44- 
Colorless,  transparent  gas,  of  taint  acidulous  taste  and  smell. 
Sp.  gr.  1.52.  One  hundred  c.ii.  weigh  47,44i  gi'S-  i5°-5  C., 
and  30"  har.  Very  injurious  to  life,  but  less  so  than  carbon 
oxide.  At  15°. 5  C.  water  dissolves  its  own  measure  of  the  gas, 
and  an  additional  volume  for  each  additional  atmosphere.  As 
it  is  fully  burnt,  it  is  of  course  uninflammable ;  employed  as  an 
extinguisher  of  combustion.  Under  a  pressure  of  38.5  atmo- 
spheres at  0°  C.  into  a  colorless,  limpid  liquid,  lighter  than 
water ;  then  into  a  snow-white  solid  by  its  own  evaporation.  It 
is  contamed  in  the  aii-  to  the  extent  of  0.035  per  cent.;  m 
respired  air  to  3-5  per  cent.  Product  of  combustion  of  all 
bodies  containing  carbon,  and  a  result  of  decay,  germination, 
fermentation,  and  putrefaction.  Its  salts  are  called  carbonates. 
No  known  combination  with  water,  but  hypothetical  carbonic 
acid  C0(0H)„  is  a  dibasic  acid,  containing  two  atoms  of  hy- 
di  oxyl.  Most"  carbonates  are  insoluble  in  water,  and  they  all 
effervesce  on  the  addition  of  most  acids.  Pre]},  a.  By  heating 
calcium  carbonate  COCOoCa)  or  CaCO^  to  redness,  it  breaks  up 
into  CALCIUM  OXIDE  CaO  and  carbonic  anhydride  C0„.  b.  By 
burning  C  in  O.,  =  C0„.  c.  By  adding  hydrogen  nitrate  to  cal- 
cium carbonate":  calcium  nitrate  [(NOJjOzCa],  water  OH2 
and  carbonic  anhydride  CO,  result.  Thus  :  2HNO3  +  CaCOj 
=  Ca2N03  +  OH,  +  CO,.  Carbonic  anhydride  combines 
readily,  and  is  therefore  quickly  absorbed  by  potassoxide  ^ or 
calcium  oxide,  or  their  hydroxides  :  e.g.  OK,  +  CO,  =  CO(OK)j. 
KOH  +  CO,  =  CO(OK)(OH).    CaO  +  CO^  CaO.CO^. 

Carbon  and  Nitrogeu.  Cyanogen  CJio.  =  52-  Cyanogen  is 
a  colorless  gas,  of  odor  resembling  peach-blossoms.  Sp.  gr.  i  .  8, 
or  26  when  referred  to  H.  Inflammable  with  color  of  peach- 
blossoms  into  CO2  and  N^.  One  vol.  requires  2  vols,  of  O  for 
complete  combustion.  At  7°.  2  0.,  under  pressure  ot  3  .6  atmo- 
spheres into  colorless  liquid.  Water  dissolves  4  X  its  volume. 
Always  produced  as  a  cyanide  when  various  metallic  oxides  are 
presented  at  a  red-heat  to  N  or  to  nitrogenized  compounds. 
Prep.  a.  Heating  mercuric  cyanide  HgC„N, :  into  Hg,  cyano- 
gen C,N,  and  para-cyanogen,  a  polymeric  modification  of 
cyanogen.'  h.  Passing  air  over  potassium  carbonate  mixed  with 
charcoal  and  contained  in  a  red-hot  tube:  CO(OK)„ -|- A, -t- 
4C  =  3CO  +  2CNK.  Then  potassium  cyanide  CNK,  with  water 
and  mercuric  oxide  OHg,  gives  potass-hydroxide  and  mercuric 
cyanide.  Cyanogen,  a  good  illustration  of  a  radicle,  or  an  un- 
satui'ated  carbon  residue.  Carbon,  a  tetrad,  united  with  triad 
nitrogen,  as  Cyanogen,  is  a  monad  radicle.  Hydrogen  cyanide 
CNH,  is  prussic  acid,  a  mono-basic  acid.  A  colorless,  trans- 
parent liquid,  very  volatile,  intensely  poisonous :  oppression  and 
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constriction  of  fauces.  Ammonia  and  water,  best  antidotes. 
Vapor  inflammable.  One  vol.  ON  and  one  vol.  of  H  united  to 
1  vols,  in  priissic  acid.  Potassium  burns  when  beated  in  it,  and 
displaces  H.  Prep.  From  potassium  cyanide  CNK  by  dilute 
sulphuric  acid  SO..(OH)„.  Thus:  CNK  +  SO.(OII)„  =  CNH  + 
POTASsniM  HYDROGEN  SULPHATE  SOjOHOK.  See  'Organic 
Chemistry.' 

V.  Sulphur  S  =  32.    S,  =  64. 

A  dyad  element,  found  native  in  Sicily  and  on  the  coasts  of 
the  Mediterranean.  Pale-yellow,  brittle,  solid,  of  sp.  fjr.  2.045. 
Melts  at  114°. 5  C.  into  pale  amber-colored  liquid.  Insoluble 
in  water.  Crj'stallizes  from  solution  in  Carbonic  sulphide  CS,, 
as  octahedron  witli  rhombic  base ;  the  form  of  native  sulphur. 
[It  is  also  very  soluble  in  sulphur  dichloride  S2CI2.  in  benzene 
C'eHp.  and  boiling  turpentine  Ci^  ;  little  in  ethyl  alcohol 
C„h!0H,  and  still  less  in  ether  C^H,oO,  and  in  chloroform 
CHCI3.]  Heated  beyond  melting-point,  darkens,  thickens,  and 
at  240°  C,  or  so,  is  so  tenacious  that  vessel  may  be  upturned 
without  loss.  Then  thin  fluid  again,  and  boils  at  446°  C. 
Sulphur  sublimed  ;  flowers  of  sulpliur.  Heated  in  air  to  260°  C. 
it  burns  with  violet  flame  to  sulphubous  anhydride  S0.„  Both 
allotropic  and  dimorphous.  If  native  sulphur  be  melted  and 
crystallized  it  separates  in  oblique  prisms.  Sp.  gr.  i .  gci.  Soluble 
in  the  same  agents  as  the  native.  If  either  the  native  or  pris- 
matic variety  (electro-negative)  be  heated  to  250°  C,  or  so, 
and  poured  into  water,  a  third  modification,  the  amorphous  or 
ductile  variety  is  obtained.  Sp.  gr.  1.957.  Insoliiljle  in  nil 
agents :  electro-positive.  Also  a  red  and  a  black  variety  ;  the 
more  freijuently  heated  to  515°  C,  and  cooled,  the  more  of  the 
black  is  obtained.  Sulphur  forms  sulphides  with  the  metals. 
Iron-pyrites  is  Ferrous  di-sulplnde  FeS„.  Magnetic  py'rites 
re,S,.  Ccibalt-glance  CoSAs.  Nickel-glance  NiSAs.  Zinc- 
blende  ZnS.  Greenockitio  CdS.  Galena  PbS.  Silver-glance 
AgjS.  Cinnabar  HgS.  Copper-pvritks  FeCuS„.  Grey  anti- 
mony OKE  or  ANTIMONY-nLANCE  Sb^S.,.     OrPIMENT  As„S,.  EeAL- 

GAR  ASjS^.  Vrep.  a.  Native,  by  simple  fusion  fioin  blue  tday. 
Cast  in  mouid.s,  as  Tablund  or  prismatic  Sulphur,  h.  Heating 
iron-pyritos  in  absence  of  air.    3FeS2  =  FejS,,  -|-  S^. 

N.B.  —  Vapor  of  sulphur  anomalous.  Molecular  volume 
below  8r6°  C,  S,, ;  above  1040°  C,  ;  us  compared  with  air, 
its  vapor-viilume  is  respectively  f) . fix 7  and  2.214. 

Compounds.  Of  S  with  H.  i.  Hydrogen  sulphide  SHj  =  34. 
Also  sulphuretted  hydrogen  and  rotten  egg  gas.  Colorless 
gas,  of  otl'ensive  odor.  Not  irritant ;  narcotic.  Bp.  gr.  i .  1 7. 
Water  at  0°  C,  dissolves  4.37  times  its  volume  ;  at  15°  C,  3 . 23 
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vols.  Solution  feebly  acid,  ]-edclens  litmus,  and  is  an  important 
test.  "When  8H„  lieated  with  tin,  same  volume  of  hydrogen  re- 
mains as  of  g-fis"  Burns  -with  blue  flame  into  water  OHj  and 
siilrihurous  anhydride  SO.,.  Tliree  vols,  of  O  required  for  eom- 
plete  combustion  of  SH„. '  Blackens  lead-paper.  Underpressure 
of  17  atmospheres  a  liquid.  Solid  at  -86°  C,  boils  at  -62"=  C. 
A  constituent  of  Harrooate  water.    Emanates  from  sewers. 

lu  acid  solutions  SH„  precipitates  Pb,  Cu,  Cd,  Hg,  Ag,  Au, 
Pt,  Pd,  Sb,  As,  Sn,  and  Bi,  as  sulphides.  Thus  :  SOjOX'd  + 
SH„  +  0H„  =  SO^COH)^  +  CdS,OH„.  Prep,  of  SH„.  «.  From 
FKRiiOTJS  SULPHIDE  SFc'by  dilute  sulphuric  acid  SOoCOH),. 
FeS  +  S0,(0H)2  +  nOH.,=  SO^CO^Fe)  +  SH„  +  ?7  0H.,.  h.  From 
ANTiMONOis  stiLPniDE  SgSbj  and  hydrogen  chlokide  CIH, 
we  oljtain  antimokous  CHLOniDE  CljSb  and  SHo.  Thus  : 
SaSb.,  +  CCIH  =  zCljSb  +  3SH„.  [Hydrogen  persulphide  SJI„ 
=  66".  An  oily  liciuid,  of  yellow  color,  analogous  to  0.,H... 
Very  unstable.]  Sulphur  and  Oxygen,  r.  Sidpliurous  anhydride 
or  SULPHI'E  DIOXIDE  SO.^  =  64.  Colorless  gas,  pungent,  irre- 
spirable,  suffocating  ;  ever  formed  when  S  is  bui'nt  in  air.  Em- 
ployed in  bleachiug  flannel  and  straw,  and  as  a  disinfectant. 
Sp.o-r.2.21.  100  c.ii.  weigh  68. 69  grains.  At  —17°.  8  C,  liquid. 
Unites  with  0H„  to  sulphueous  acid  S0(0H)2  or  KSO,.  Forms 
a  hydrate  S0(0H).„70H„.  Soluble  in  water,  roo  measures  take 
up  68.8  measures' at  0°,  and  43 .5  measures  at  15°.  5  C.  Can  be 
collected  over  mercury  or  by  displacement.  Decomposes  SH„. 
Thus  :  ToSO.,  +  loSH,  =  2H„S,0,;  +  5S0  +  80H,.  [Decom- 
poses KMnO;.  Thus  :  2KMnO^  +  5SO.,  +  2OH.,  =  K„SO^  -i- 
iMnSOj  -I-  2H2SOj.]  Prep.  a.  Burning  S  in  air  or  an  0,. 
h.  Also  by  roasting  iron-pyrites  in  air.  4FeS„  -t-  iiO„  =  2Fe203 
+  8S0.,.  c.  By  boiling  copper  or  mercury  with  sulphuric 
acid  ■  'mercuric  sulphate,  water,  and  sulphurous  anhydride 
result.  Cu  +  2S0„(0H),  =  SO,0.,Cu  -f  OH,  +  SO...  d-^J 
heating  charcoal  with  sulphuric  acid.  C  +  2[S02(OH)„]  - 
C0„  -t-  2OH.  +  2SO,.  Sulphites.  Sulphurous  acid  dibasic. 
Alkaline  snl'iihites  s'oluble.  Ordinary  acids  decompose  them. 
Ileducing  agents.  2.  Sulphuric  anhydride  SO3  =  80.  In  white, 
silken  needles.  Sp.  gr.  i  .94''.  Melts  at  18°.  3  C.  and  boils  at 
35°  C.  Great  affinity  for  water.  Solulile  in  all-proportions  m 
SO„(OH),.  It  is  contained  in  Nordhansen  sulphuric  acid,  a 
brown  fuming  liquid  of  sp.  gr.  i-g.  SO3  can  be  ]irepared  by 
passing  S0„  +  O  through  red-hot  tube  filled  with  spongy  plati- 
num. Generally  by  heating  almost  dry  ferrous  sulphate,  which 
gives  ^'onlhatlsell  sulplmric  acid  S03,S0.,(0H)„,  from  winch  SO3 
by  gentle  heat.  Thus  :  ^(SO^Fe)  +  H.O  =  :Fe.,0,  +  -^J\  + 
SO,  SO  (OH),,.  3.  Sulphuric  acid  or  Hydrogen  sulphate  HoSO^. 
^  98  or  0H„.S03  or  SO.,(OH)., ;  the  latter  ])icferic(l,  as  it  is  a 
di-basic  acid'of  lirst  imi)o"rtance,  and  contains  the  dyad  radicle 
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B0„.  "  Oil  of  vitriol."  Heavy  liquid  of  sp.  gr.  i  .848.  Solid  at 
-26°  C.  Boils  and  distils  at  338°  C.  Chars  organic  bodies ; 
great  desiccator  and  delivdrniit.  Great  attinily  for  water,  form- 
iiiirtwo  iiydrates.  SO„(0H1„,H„O  of  sp.  gr,  i.  78,  freezes  at  8°.  3C., 
hence  glaViai  sulpliune  ncid.  "  S0.,(0H)o,2H20  a  furlhrr  hydrate, 
of  r.62  sp.  gr.  Used  in  making  SO,;  'NO,OH;  CHI;  CO,,  &c. 
Sulphates;  all  soluble  except  of  Barium,  Strontium,  and  Lead. 
Sodium  sclthate  SO_,Nn.,,ioOH,,  is  "  Glauber  salt."  Baeidm 
SULPHATE  SO^Ba  is  "Heavy  spar."  Stuontium  sulphate 
SO^Sr  is  "Celestine."  Magnesium  sulphate  S0jMg,70H„  is 
"Epsom  salt."  Zinc  Sulphate  S0.,Zn,70Ho  is  " Zinc  vitriol." 
CuPRic  sulphate  SOjCu,<;OH„  is  "Blue  vitrini  "  Lead  sul- 
phate SO^Pb  is  "  Lead  vitriol.'"  Prep,  of  oil  of  vitriol  SOoCOH)^. 
In  leaden  clinmbers.  At  the  Felling  works  these  are  280'  long 
by  20'  wide  and  18'  high.  The  essentials  in  the  manufacture 
are  :  SO,  :  NO  .OH :  H,0  and  O.,  from  the  nir.  Simnlest  intel- 
ligible changes  may  be  thus  stated,  a.  SO,  +  2(N0„0H)  = 
SO„(OH)„  +  2N0„.  b.  SO., -t- NO,  +  ILO  =  NO  +  S0.,(0H)2. 
c.  NO  +  O  =  NO,.  Thus  a  limited  supply  of  nitric  acid 
changes  an  almost  unlimited  amount  of  SO,  into  S02(OH)2. 
The  ncid  on  the  floor  is  the  second  hydrate  somi^what  diluted. 
By  evaporation  in  leaden  pans,  it  becomes  first  hydrate  ;  beyond 
this  pomt  the  concentration  is  conducted  in  vessels  of  glass  or 
platiniun,  till,  by  the  further  loss  of  vi'ater,  we  obtain  oil  of 
vitriol,  boiling  at  335°,  when  the  operation  is  stopped.  TMo- 
sulphuric  acid  SSO(OH),  =  HjSjOj  =  114.  Unknown  in  free 
state,  as  on  addition  of  an  acid  to  one  of  its  salts,  it  breaks  up 
into  OH,+SO, +S,  which  is  precipitated.  Formation  of  its 
sodium  salt,  bv  digesting  solution  of  sodium  suljjhite  >SO(ONa), 
with  S  =  SSO(ONa),.  Sodium  thiosulphate  SS0(0Na),.5H„d 
is  the  common  hyposulphite  of  soda  used  in  photography,  and  as 
antichlore  for  removing  trnees  of  chlorine  from  bleached  goods. 
Dry  salt,  lieated  in  close  vessels  ;  4Nn2S,03  =  Na2S5  -|-  3Na2SO.|. 
[5.  HvposuLPHUiiOi  s  ACii)  S(OH),  01-  HjS02.  Oi'ange-yellow, 
rapidly  decomposing.  Zn  dissolves  in  solution  of  sulphurous 
acid,  and  affords  a  yellow  solution  of  zinc  hyposulphite.  6.  Di- 
thionic  acid  S20,(0H)2  or  H.^SjO,,  =  if>2.  Is  more  stable.  Its 
mangnnou.s  s;dt,  by  passing  SOj  through  MnOj  suspended  in 
water  =  SjO/J,'^'^"'  I'  tcinperntin-(!  allowed  to  rise,  we  obtain 
S0202Mn.  Dithionates  all  soluble.  Wlien  heated  with  au 
ncid,  'SO2  evolvi'd,  but  no  S  is  dcposilcd.  On  confcntration 
of  ti:e  aciil,  it   breaks  up  into   S0(0H)2  and  S02(0H),. 

7.  TiciTHtnNif,"  Aorn  S;,0,,(OK),_,  or  H._,S,,0,..  in  ])risniatic  erystals, 
Ofisily  (iecoinposing  intoS,  SO,  and  SO.y  (Jll),.  Potnssinni  salt, 
by  potassium   liydrogen  sidjihito   with  llowors  of  sidphur. 

8.  TKTiiATHioNia  ACID  S.O/OH),.  reailily  breaks  up,  by  boiling, 
into  Sj,  HO.J  and  SO./OII)j.    y.  Pkntatihonic  acid  S^OiCOH),. 
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Unstable  acid,' prepared  by  passing  a  curi-ent  of  SH„  tlironnrh  a 
solution  of  sulphurous  acid  SO(OH>.  Thus:  loSH,  +  icSOCOH), 
=  5S,+  i80H.,+  zS.O/OH),.! 

So  "then  we  have :  Hyposulphurous  acid  S^OH)„.  Sulphurous 
acid  S0(0H)2.  Sulphuric  acid  SO,(OH)„.  Thicsulphuric  acid 
SSO(OH)„  or  sulphuric  acid  in  which  S  displaces  0.  Dithionic 
acid  S.O^(OH).,.  Trithionic  acid  S.,0,S(OH^,.  Tetrathionic  acid 
S„OjS/OH)„.  "Pentathionic  acid  S^O.SjCOH),.  All  dibasic,  and 
containing  two  atoms  of  hydeoxyl  OH. 

Sulphur  and  Nitrogen.  S.,N„.  Golden-yellow  rhombs,  insoluble 
in  water.  Explodes  wheii  heated  to  157°  C.  Of  faint  odor 
and  irritating.  Obtained  by  passing  dry  NH3  tlirough  solution 
of  S2CU  in  carbonic  sulphide  CS„. 

Sulphur  and  Carbon,  a.  Carbonous  sulphide  CS  =  44.  A 
brown  powder,  of  sp.  gr.  r.66.  Insoluble  in  water,  benzene, 
alcohol  and  ethei-,  slightly  in  carbonic  sulphide,  h.  Carbonic 
sulphide  CS,=  76.  Transparent  colorless  liquid,  of  sp.  gr.  1.272, 
of  great  refractive  power.  Boils  at  83°  C.  Vei-y  inSammable, 
burns  to  CO,  and  SO,.  When  pure  (after  long  agitation  with 
mercui-y)  of  ethereal'  odor  :  generally  repulsive  like  cabbage 
water.  Great  solvent  of  sulphur,  phosphorus,  iodine,  caout- 
chouc, oils,  &c.  Unites  with  nietalhc  sulphides  to  Sulphooar- 
bonates.  Prep,  of  CSj.  By  passing  the  vapour  of  S  over  red-hot 
charcoal  contained  in  porcelain  tube. 

Sulphocarbonic  acid  CS(HS)„  or  H„CS3,  answers  to  the  presence 
of  sulphoxyl  instead  of  bydroxyl :  from  the  ammonium  salt  by 
dilute  acid.  When  CS„  is  heated  with  water  in  a  sealed  tube, 
into  CO2  and  H^S.  With  nascent  H,  into  CSH,,  and  i?H„. 
Exposed  to  light  into  CS  a\id  S  which  dissolves  in  CS,. 
[Carbon  oxysulphide  COS  is  a  gas  of  sp.  gr.  2 . 104,  soluble  in  its 
own  volume  of  water.  Absorbed  by  potasshydroxide  as  readily 
as  .C0„,  and  liberated  by  weak  acids.  Prep.  a.  by  direct  com- 
bination of  CO  with  S  in  vapor,  in  passage  through  red-hot 
tube.  h.  gently  heating  SO3  with  CS„  =  S  +  SO,  -j-  COS. 
c.  from  hydrogen  sulphocyanate  by  water :  CNSH  -1-  OH,  = 
NH3  +  COS.] 

[VI.  Selenium  Se  =  79.5.    Se„  =  159.] 

Selenium  is  a  dyad  element  in  hydi-ogen  selenide.  ScH... 
By  Berzelius  in  18 17.  Never  native.  Greatest  analogy  to 
sulphur.  A  reddish-brown  solid,  of  imperfect  metallic  lustre, 
somewhat  translucent.  Sp.  gr.  4.3.  Melts  above  100°  C,  and 
boils  at  54  5°  C.  Insoluble  in  water  and  in  alcohol ;  slightly  in 
CSj.  Soluble  in  sulphuric  acid.  Many  allolropic  varieties  ; 
odor,  as  uf  decayed  horseradisli  wlien  heated  in  air.  Selenium 
and  Hydrogen.    Hydrogen  selenide  SeH2  =  8i.5-  Colorless, 
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inflammable  gas,  of  very  offensive  odor.  Soluble  in  water, 
ami  preeiiiitates  Selenides  uf  luelals.  Se  and  0.  Selenious 
anhydride  SeO.,  =  nr.  5.  In  snow-wliite  needles.  Either  by 
liuniiiisr  8e  in  O  or  by  nitric  acid  upon  seleninni.  Selenious 
ACID  SeO(  0H).„  is  ri;adily  reduced  by  SOCOH),,  depositing  Se. 
Also  by  Zu  or  Fe.  Alkaline  selenites  soluble.  Selenic  acid 
SeO,(OH)2  =  145.5.  Kesembhs  .sulphuric  acid.  Prepared 
from'  lead  selenate  by  SHo.  Carbonic  selenide  CSe,.  A  pungent 
lii^uid  resembling  CS.,.] 

[VII.  Tellurium  Te  =  128.    Te^  =  256. 

Rarely  native  in  Hungary.  Discovered  by  Mueller  in  r782, 
and  by  Klaprntli,  in  i  yyB,  named  Tellurium.  Chiefly  as  telluride 
of  silver,  gold,  copper,  bismuth  and  lead.  Analogous  to  sul- 
phur and  selenium.  Lustrous  like  silver ;  brittle.  Ehombo- 
hedral  crystals.  Sp.  gr.  6.26.  Melts  below  red-heat.  Bad 
conductor  of  heat  and  electricity.  Bui'iis  when  heated  in  O, 
with  blue  flame  edged  with  green  to  tellueocs  anhydride 
TeO,.  Hydrogen  telluride  TeH2=i3o.  Gas,  of  sp.  gr._4.53. 
Burns  with  blue  flume.  Soluble  in  water;  reddens  litmus, 
and  oxydizes  slowly  depositing  tellurium.  Two  sulphides. 
TeS„  and  TeS,.  Tellurous  anhydride  TeO„  =  160.  Fuses  easily. 
Yellow  whilst  hot.  When  tellurium  is  boiled  with  NO._,OH, 
and  then  the  solution  poured  into  water,  tellurous  acid 
TeO(OH)„,  is  deposited  as  a  bulky  powder.  By  heat  into  OH^ 
and  TeOj.  Telluric  acid  Te02(0H)2,20H„  in  strinted,  f>-sided 
prisms.  By  o.xydation  of  tellurium  with  potas.^ium  nitrate, 
potassium  tellurate  is  obtained.  Whether  as  tellurite  or  tellu- 
rate,  tellurium  is  thrown  down  from  its  solutions  by  Zn  or  Fe. 
Tellurates  of  alkaline  metals  reduced  by  Charcoal  at  a  red-heat 
to  tellurides.] 

VIII.  Chlorine  CI  =  35.5.    CI.,  =  71. 

Not  native.  Discovered  by  Scheele  in  1774.  Occurring  in 
various  chlorides.  As  potassium,  sodium,  calcium  and  magne- 
sium chlorides  in  .sea-water.  Monad  clement,  discovered  by 
Schcolc  in  1774.  Yellowish-green,  x^^P^Si  gas,  uninflammable, 
irrespiraVjle,  sufTocatiiig.  (Antidotes:  weak  ammonia,  and 
dilute  alcohol.)  Sp.  gr.  2.47.  roo  c.ii.  weigh  76.5  grains. 
Under  pressure  of  4  atmospheres  at  15°.  5  C,  a  yellow  liquid  of 
.sp.  gr.  1.33.  Water  dissolves  2.37  times  its  vol.  at  15°  C. 
Aqua  chlorata.  It  al.-^o  unites  with  water  at  0°  to  a  solid 
hydrate  CI,  loOHj.  In  presence  of  light,  Chlorine  decomposes 
water,  with  &eparation  of  oxygen.    Its  affinity  for  H  and  other 
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luetiils  is  very  great.  Many  metals  take  fire  in  CI  gas  :  nearly 
all  are  tarnished,  therefore  01  cannot  be  collected  over  mercury. 
CMorides  formed.  01  bleaches  and  disinfects  :  it  decomposes 
at  once  many  Hydrogen  compounds.  Thus:  701^  +  2<>'H.o  = 
/HOI  +  K.  '  Again,  in  light :  2OH2  +  2012  =  4OIH  +  0,. 
Hence  also  an  oxydizing  agent.  Thus:  Clj  +  SO,  +  lOHj  = 
2CIH  +  SOn'OH).,.  All  CHLOKIDES  soluble  in  water,  except  of 
SILVER  ClAgViind  LEAD  Cl,Pb.  Pre-p.  uf  Chlorine,  a.  by  acliou 
of  c;dori'lc  of  hydrogen  OIH,  upon  manganese  dioxide  ]SInO._,. 

Thus;   MuO„  +  4CIH  =  MANGANOUS  CHLORIDE  CloMu  +  WATER 

•2OH,.  +  cuLOiuNE  Cl„.  b.  by  Weldou's  process,  biangaxous 
CHLORIDE  MuOh,  is  precipitated  by  hot  milk  of  lime  or  mag- 
nesia, and  a  stream  of  hot  air  blown  through.  First,  munganous 
hydroxide  is  precipitated,  and  this  with  Ofrom  hot  aii-  conveits 
mangimous  hydroxide  into  manganese  dioxide  MnO„,  united 
with  the  CALCIUM  oxide  CaO,  or  magnesium  oxide  ]M;;0  as 
CaO.MnO.,  or  MgOjMnOj.  When  heated  with  hydrogen  chloride, 
MAGNESIUM  chloride  MgOL,  or  calcium  chloride  OaCl,,  to- 
gether with  WATER,  are  formed,  and  the  fm-ther  action  as  de- 
fccribed  above  between  MuO,  +  4CIH  =  01„Mu  +  2OH,  +  CL. 
c.  Deacon's  process."  By  passing  a  mixture  of  hydrr|geu 
chloride  and  air  over  cupric  sulphate  healed  to  3  7o''-?4o°  0. 
The  action  of  the  metallic  salt  one  of  contact-actions,  d.  From 
SODIUM  chloride  NaOl,  manganese  dioxide  MnO,  and  sul- 
phuric ACID  SO.XOH),.  Manganous  sulphate  SO„0„Mn, 
sodium  sulphate  SO„(ONa)„,  water  0H„,  and  chlorine  CU 
result.  Thus:  MnO;+  2NaCl  +  2S0.,(0H)„  =  SO.CO^Mn)  + 
SO„(ONa)„  +  2OH2  +  CL.  Compounds.  CI  with  H.  Hydrogen 
chloride  CUI.  Hydrochloric  acid  or  muriatic  acid.  OIH  =  36.5. 
Colorless,  pungent,  incombustible  gas,  of  sp.  gr.  i .  269.  100 
cii.  weigh  39.23  grains  at  15°. 5  0.  Intensely  acid  taste. 
Under  pressure  of  40  atmospheres  at  10°  C,  a  colorless  liquid. 
By  condensing  moisture,  fumes  in  air.  Very  soluble  m  water, 
wiiich  at  0°  0.  takes  up  500,  and  at  10^  C.  47=  tinies  its  vol. 
The  solution  in  water  long  known.  Sp.  gr.  of  solution  i  .22,  is 
colorless,  furahig.  with  44  per  cent,  of  the  gas,  answering  to 
OIH  30H„.  No  real  hydrate.  When  heated,  CIH  is  given  oft. 
sp  gr.  sinks  to  i .  r  i,  contains  about  20  per  cent,  of  the  gas  and 
may  be  distilled.  This  acid  corresponds  to  OIH,  80H.,,  but  is 
no  true  hydrate.  The  only  true  hydrate  01H,20H„,  obtamablo 
in  crystals  at  low  temperatures.  Common  muriatic  acid  _  is 
yellow  from  the  presence  of  ferric  chloride,  and  also  contains 
sulphuric  acid.  The  pure  solution  leaves  no  residue  upon 
platinum.  Silver  nitrate  NO.,OAg  gives  with  CI,  OIH  and 
olher  soluble  chlorides  a  white  curd-like  precipitate  ot  silver 
chloride  AgCl,  insoluble  in  NO„OH,  soluble  iu  NH3.  Frc}>.  o[ 
CIH     r  By  union  of  01  and  H,  in  equal  volumes,  m  sunlight 
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or  by  a  liRbt.  CL  +  H.,  =  2CIH.  2.  Prom  sodium  chloride 
OlNii  liv  sulphur'ic  ac'id  SCCOHj^:  ClNa  +  S02(0H)„  = 
SO-OHONa  +  CIH.  Action  of  CIH  iip"Q  metals.  Upon 
monads.  K„  +  2CIH  =  2CIIV  +  H„.  Upon  a  dyad.  M;j;  +  2CIH 
=  CUMg  +  H,.  Upon  monad-oxides.  K.,0  +  2CIH  =  2lvCl 
+  H"0.  Upon  dyad-oxides.  ZnO  +  2Cm  =  ZnCU  +  H,. 
Upon"  triaii-oxides.  ¥e.O,  +  6HCI  =  Fe.Gl,  +  3H,0.  Upon 
tetrad-oxides.  SnO„  +  4CIH  =SaC\^  +  2H3O.  Action  ot  HCl 
upon  hydrates.  KOH  +  HCl  =KC1  +  H.O.  BaO.OH., + 
2HOI  =  BaCL  +  2OH,.  Fe„03.30H„  +  6C1K  =  Fe,Cl„  +60H,. 
Upon  PEROXIDES  like  MnO., ;  PbO„,— not  basic.  4OIH  +  MnOo 
=  20H„  +  MnCl,  +  CL.  Aqua  regia  or  nitro-muriatic  acid  is 
a  mLsture  of  HCrwith  NO,OH,  evolving  01.,,  a  gi-eat  solvent  of 
gold,  platinum,  &c.,  chlorides  of  which  are  thus  obtained. 
CMoro-nitiic  gas  NOCL,  formed  same  time.  fiClH  +  2NO2OH 
=  2NOCU  +  4OH2  +  CU.  Only  I  of  the  CI  obtained.  In 
chloro-nitric  gas,  CL  takes  the  place  of  O  in  N0„.  Lemon- 
yellow  gas,  forming'red,  fuming  flnid  below- 7°  0.  Chloro- 
nitrous  gas  NOCl,  by  mixing  NO  with  CI,  condensed  into  two 
vols.  Compounds  of  CI  with  0.  a.  HypocMorous  anhydride 
OCU  =  «7.  Gas  of  pale-yellow  color,  analogous  to  OH,. 
Condensable  into  deep-red  "liquid.  Prep,  from  mercuric  oxide, 
by  action  of  CL.  Merclric  oxt-chloride  HgO,HgCl,,  and 
OCl,  result.  Thus  :  20Hg  +  2CU  =  OHg,CUHg  -1-  OCl,.  One 
vol.  of  water  absorbs  200  vols,  of  OCL,  and  forms  Hypochlorous 
acid  ClOH.  Yellow  color,  acid,  and  sweetish  smell.  Great 
bleaching  agent.  Decomposed  by  CIH.  Thus  :  ClOH  +  CIH 
=  OHj  +  CI2.  Hypochlorites.  Peep,  a.^by  passing  Cl^  through 
hydroxides  at  low  temperatures.  2HOK  +  CL  =  CIK  -|-  ClOK 
+  OH2.  h.  by  saturating  ClOH  with  the  respective  metallic 
oxide,  c.  by  distilling  calcium  hypochlorite  Ca(OCl)„,  with 
dilute  sulphuric  acid.  2Ca(0Cl),  +  SO,,(OH),  =  ClXa  + 
SOjOoCa  -I-  2CIOH.  d.  passing  CL  into  water  in  which,  sny, 
calcium  carbonate  COCOjCa)  is  ditl'iised.  2CL  +  OH,  +  COjCa, 
=  CO2  -|-CLCa  -1-  2CIOH.  Chloride  of  LmEiahkaohiiig  poivder. 
Consists  mainly  of  calcium  oxy-ohloride  Cl.OCa  mixed  with 
unaltered  calcium  hydroxide  (OH),Ca.  According  to  Kolb, 
it  consists  of  Ca,^Hfi,fi\.„  and  is  decompo.sed  by  \Yater  into" 
calcium  hypochlorite  CLOCa,  calcium  ohloiudb  CLCa.  cal- 
cium hydroxide  (0H;2Ca"-f  2OH2.  The  dry  chloride  of  lime 
gives  up  no  calcium  chloride  CLCa  to  alcohol :  hence  not 
contained,  but  produced  by  water.  HCl  can  be  chiinged  into 
HOCl  by  nascent  oxygen,  derivable  from  IvMnO^.  [h.  Chlorous 
anhydride  CLO,,  =  1 19.  Or  0(0C1)2.  Gas  of  deep  greenish- 
yellow  color,  condensable  to  deeji-brown  mobile  liquid.  Water 
dissolves  10  x  its  volume.  Dangerous  compound.  I'rep, 
action  of  hydrogen  nitritk  NO(OH)  upon  potassium  chlorate 
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CIOO(OK).  Tims  :  2NOOH  +  2C100(0K)  =  2N0„0K  +  OH^ 
+  0(0C1>.  With  water  forms  chlorous  acid  OCl(OH)  orHCIO.„ 
Addition'  of  As^Oj  +  NO.,OH  to  chlorites  does  not  destroy 
their  bleaching  powers,  as  it  does  those  of  hypochlorites. 

c.  Chlorine  peroxide,  or  dioxide  ClOj  =67.5.  Gas,  of  very  deep 
yellowish-green  color  ;  at  -20°  C.  a  red  fluid.  Water  di.-.solves 
20  times  its  bulk.  Explodes  above  60°  C.  Must  be  collected  by 
displacement.  Prep,  by  action  of  scLPHrRic  acid  (3)  upon  potas- 
sium CHLORATE  (2)  =  2CIO,  +  KCIO,  +  0H„  +  2(S0,0K0H). 

d.  Chloric  ACID  ClOjOH  =  H4- 5-  Anhydride  unknown.  Syrupy 
liquid  of  faint  chlorous  odor.  Very  acid.  Decomposed  by 
organic  matters.  Monobasic.  Easily  prepared  from  barium 
CHLORATE  Ba2C103,  by  dilute  sulphuric  acid.  All  chlorates 
soluble  in  water.  When  CI2  is  passed  into  potassium  hydroxide, 
and  the  temperature  allowed  to  rise,  water,  chloride  and  chlorate 
of  potassium  result.  6H0K  -I-3CI0  =  }Oll^  +  5CIK  +  C10,0K. 
When  chlorate  of  potassium  is  heated  to  3  70°  C,  it  fuses,  and 
is  converted  into  potassium  chloride  KCl  and  0,  by  sufficient 
heat.  S02(OH)2  evolves  ClO^  with  its  peculiar  odor.  CIH 
evolves  euchlorine,  a  yellow  explosive  gas  consisting  of  2CI2O5, 
CI2O3.  [e.  Perchloric  acid  CIO3OH  =  100.5.  Colorless 
volatile  liquid,  and  most  powerful  oxydiziug  agent.  A  hydrate 
HCIO^.OH.,  in  white  crystals.  Perchlorates.  Mostly  deliques- 
cent; all  soluble.  Potassium  pcrchlorate  with  difficulty.  All 
decomposed  by  heat  into  chlorides  and  oxygen.  CIO3OK  easily 
prepared  from"  ClOjOK  by  stopping  the  evolution  of  wlien  J, 
has  passed  over  iii  the  making  of  that  gas.  2CIO2OK  =  CIK 
+  O2  -1-  CiO.,OK.  As  CIO3OK  readily  separated  by  crystalhza- 
tion  from  the  very  soluble  chloride,  peuchlokic  acid  CIO3OH  is 
made  by  distilling  tlie  potassium  salt  with  sulphuric  acid.] 
rci  witii  N.  Nitrogen  chloride  NCI3?  Obtained  indkectly. 
Oily  liquid  of  sp.  gr.  1.653.  Most  dangeious  compound. 
Explodes  spontaneously  below  too°C.  iVey).  by  action  of  CI 
upon  ammonium  chloride  NH^C1  +  3CI2  =  4CIH  +  MCI3.]  CI 
with  C.  C.,CU,  CCl^,  C„C1,  and  CCl^.  '  Oiguuic  Chemistry.' 
Carbonic  oxy-chloride  COCU,  is  the  phosgene  gas  of  Davy. 
Carbon  monoxide  CO,  unites  in  sunlight  directly  with  CI;,, 
volume  for  volume.  Pungent,  suftbcating  gas.  Liquid  at  0°  C. 
Very  interesting  compound.  [CI  and  S.  Sulphur  cMonde  S^Cl^ 
=  135.  Yellow,  volatile  liquid  of  sp.  gr.  1.6B.  Disagreeable, 
pungent  odor.  By  passing  dry  CL.  into  melted  sulphur,  and 
digestion  upon  sulphur.  Slowly  decompiised  by  water.  Sulphur 
dioMoride  SCL,  =  103.  Deep  red,  fumiiig  liquid,  boiling  at 
164°  C.  Piod'uced  by  saturatiug  S.,Cl2  with  CU.  Sulphur 
tetrachloride  SCI,  by  saturating  the  chloride  with  CU  at  -  20^  C. 
Oxychlorides.    SOClj  and  SO^Clj.] 
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IX.  Bromine  Br  =  80.    Br„  =  160. 

Monail  element,  never  native.  Discovered  by  Balard  in 
1826.  Closely  allied  to  chlorine.  Contained  as  magnesium 
and  sodiiuu  bromide  in  sea-water,  and  largely  in  a  spring  at 
Kreuznach.  Intensely  red  liquid,  very  volatile;  freezes  at 
-24°. ^  C,  and  boils  at  6-5°  C.  Sp.  gr.  2.976.  Vapor  intensely 
irritating,  reminding  of  chlorine.  Little  soluble  m  water,  more 
in  alcol'ol,  very  sululile  in  ether.  Hydrate  Bi-o.ioOHj.  NOjOH 
does  not  dissolve  BrAg,  and  the  latter,  of  yellowish  color,  la 
witli  dilHcnlty  soluble  in  NH,.  Otherwise  bromides  resemble 
chlorides.  Prep,  of  Br...  MgBr.,  +  CU  =  MgCl,  +  Br,.  The 
bromine  dissolved  in  ether,  and  treated  with  KOH.  sBrj  +  bKOH 
=  ;KBr  +  KBiO,  +  3OH,.  By  heat  2KBr03  =  2KBr  +  3O2. 
Then:  2KBr+MnO..+  3SO.,(OH),  =  SO,(0,Mn)+2(SO,OKOH) 
+  :OH„+Br.,.  Compounds.  Br  with  H.  Hydrogen  bromide,  or 
hydro-bromic  acid  BrH  =  «r.  Colorless  gas.  Its  solution  m 
water  is  a  tnie  hydrate  Bi-H.sOH,,  a  colorless  fuming  liquid  of 
sp.gr.  1.486.  Boils  at  126°  C,  and  distils.  Oxydizes  only  m 
part  on  e.xposiu'e  to  air.  Solution  decoiuposed  by  Clj.  2HBr 
+  CI,  =  2CIH  +  Br„.  Forms  bromides  and  water,  by  contact 
with  metallic  oxides"  and  hydroxides.  Prejj.  a.  By  passing  a 
stream  of  SH,  through  Br,  diffused  through  water.  2Br2  +  ^SHj 
-  S  4BrH'  h.  Bringing  phosphorous  bromide  into  contact 
with  water,  and  distilling.  PBrs+jOH,  =  PHO(OH),  +  3BrH. 
c.  Decomposing  potassium  bromide  KBr  with  hydrogen  ortho- 
phosphate  P0(0H)3.  jKBr  +  P0(0H)3  =  P0(0K)3  +  sBrH. 
Br  with  0.  [Hypobromous  acid  BrOH.  Unstable.  Formed  by 
agitating  HgO  with  Br,  and  water.]  Bromio  acid  BrO,OH  =129. 
Kesembres  liydrogen  chlorate.  Best  prepared  from  silver  bromate 
by  Br.  Bromates :  when  heated,  into  0^  and  bromides.  Per- 
BKOMic  acid  Br030H.  An  oily  liquid,  made  by  the  action  of 
Bfj  upon  hydrogen  perchloiate.  It  resists  the  reducing  action 
of  SH,  and  SO,.  [Br  and  N.  Kitrogen  bromide  NBr3,  oily  liquid. 
Carbonic  oxy-bromide  COBt^.  Br  and  S.  S^Br,  and  SBr2,  are 
brown-red  liquids.] 

X.  Iodine  I  =  127.    I^  =  254. 

Monad  clement,  not  found  native.  Discovered  by  Courtois 
in  1811  in  kelp,  the  ash  of  sea-weeds.  Occurs  as  sodium  iodido 
in  sea-water;  also  in  various  springs.  Silver  iodide  Agl  is  one 
of  the  rarer  .silver  ores.  Iodine  obtained  by  subUmation  re- 
sembles black  lead,  and  crystallizes  us  octahedron  with  rhombic 
base.  Sp.  gr.  of  vapour  8.716.  Melts  at  107°  C.,  and  boils  at 
I75°C.,  tiie  vapor  possesi-ing  a  deep  violet,  iwSrjs,  color.  Sp.  gr. 
of  iodine  4.95 .  Very  little  soluble  in  water,  but  easily  in  alcohol : 
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tincture  of  iodine.  Stains  the  skin  yellow.  An  energetic  medi- 
cine. Cl^  sets  I„  free  from  its  soluble  salts,  and  L  imp.irts  a 
rich  amethyst  color  to  CSj :  a  test.  Free  iodine  forms  blue 
compound  with  starch  :  also  a  test.  Iodides.  Potassium  iodide 
KI,  much  used  in  medicine.  2KI  +  4N0.,0H  =  2N0,0K  +  2N0„ 
+  20H.,+I„.  Prej}.  from  sodicm  iodide  Nal,  in  kelp,  by 
SO  J-Jo  and  MnO„,  as  in  the  making  of  Cl„.  Tlius :  2NaI  +  MnO, 
+  3S6„(OH)„=  2[S0„(0H)(0Na)]  +,[S0,(0,Mn)]  +  20H„+Io. 
Compounds.  H  with  1.  [Hydrogen  iodide  IH  =  128.  Colorless 
gas,  fuming,  in  air,  of  sp.  gr.  4.44.  Very  acid  and  ii'ritating. 
Compressible  to  a  liquid,  and  even  solid  at  —  5i°C.  Very 
soluble  in  water:  Jnjdriodic  acid.  2lH,TiOH2  is  the  hydrate. 
Browns  rapidly  owing  to  oxydation  of  H^.  Decomposed  by 
CI„Br„,N020H.  Dissolves  Zn  and  Fe,  evolving  Hj.  Prep, 
a.  By  heating  Ij  in  Hj.  h.  By  passing  SHj  into  H^O,  admixed 
with  I.,.  Thus  :  2SH„  +  2I,  =  S.,  +  4IH.  c.  By  phosphorous 
iodide  and  H„0.  Pr;+  3H:0  ="PH0(0H)2  +  3HI.  d.  8KI 
+  P,  +  lol,  +  if'OH,  =  4[P0(0HX0K)„]  +  28HI.]  I  ^^-ith  0. 
[Two  anhydrides  and  two  acids.  I^Og  and  1„0. :  with  OH,  IO„fiB. 
and  IO3OH.  a.  Iodic  acid  IO„OH.  Colorless,  6-sided  tables,  very 
soluble  in  water.  Decomposed  by  morphia,  iodine  set  free :  a 
test  for  morphia.  Heated  to  107°  C.  into  0H„,  and  anhydride 
I2O5.  2IO3H  =  OH2  +  I2O5.  lodates  :  by  heat  into  iodides  and 
osyt'en.  Pre}},  of  IO,OH.  a.  By  excess  of  OL  upon  I  difiused 
through  water  ;  I^  +  5CI2  +  60H,  =  loClH  +  2IO2OH.  h.  sIClj 
-f  SODIUM  OAEBONATE  9[C0(0Na)o]  =  isNaCl  +  9CO2  -1-  I,  -h 
jlOjNa.  A  mixture  of  hydriodic  and  iodic  acids  instantly  de- 
compo.-eone  anoti'er:  5IH  +  I0.,0H  =  30H„ -t- 3L.  h.  Per-iodic 
acid  IO4H  or  IO3OH.  In  deliquescent  oblique  prisms  containing 
0H„.  Melts  at  130°,  then  into  OH^  and  per-iodio  anhydride 
I2O7 ;  then  evolves  0„  and  changed  into  IjOj,  and  finally  into 
I„-f  0„.  Periodates."  Prej}.  IO„ONa  -|-  CI,  +  3Na0H  =  2NaCl 
+  Nab4l,NaOH,OH„  the  latter  a  sparingly  soluble  com- 
pound.] I  and  N.  [Nitrogen  iodide  NHI„  and  NI3.  Black 
insoluble  powder,  explosive,  dangerous.  Prep.  Precipitation  of 
alcohohc  solution  of  iodine  by  ammonia.  3NH3  +  2L  =  iXHJ 
+  NHI,.  Decomposed  by  SH„.  NHL  -t-  2SH„  =  NH  J  +  S, 
+  IH.] '  I  and  S.    S^I^  crystalline,  brittle,  steel-gi-ey  solid. 

XI.  Fluorine  F  =  19.    F,  =  38. 

Monad  clement,  never  native.  Supposed  to  be  a  colorless  gns, 
when  prepared  by  the  action  of  iodine  upon  silver  FLroEiDE 
AgF.  Two  chiet  fluorides  found  native  are  :  Calcium  fluoride 
CaFj,  or  Fluorspar,  and  Sodium  aluminum  fluoride  3NaF,AIF3 
or  Cryolite.  Compounds.  F  with  H.  Hydrogen  fli-oride  or 
HYDROFLUORIC  ACID  FH  =  20.    C(florless,  mobile  liquid  of 
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sp.  gr.  0.988,  which  boils  at  ig^'.A  C.  Fuming-,  \^Sn\j  covvo^ve. 
Dangerous.  The  acid  of  sp.gr.  1..5  is  a  liy^l''^^to  S".H,20H 
boils^at  ,.o°C.  Etches  glass,  owing  to  FH^onne 'or^ 
Silicon  a  volatile  gascons  cmnponnd,  si  icon  ^^^f  SiF  Tlu.s^ 
SiO  +  aFH  =  lOHo  +  SiF,.  Prep,  at  HF.  Galcilm  fluoride 
&  disWle:i  iith  sdl™-c  ..'cid  in  vessels  of  {-^  or^Wer  and 
the  acid  is  received  and  preserved  m  ves^\s  ot  lead  s  vea, 
platinum,  or  gutta-percha.    F,Ca  +  SO,(OH),  =  &0,(OXa)  + 

2rH. 

xil.  Boron  B  =  11.    B2  =  22. 

A  triad  element,  never  native.   Contained  in  Boras  Always 
in  combination  with  oxygen.    By  Gay-Lussac  and     'e'jai'd  m  • 
1 808.    Amorphous  boron,  a  dnll-greenish  powder,  which  so  Is 
the  fin-ers  and  is  slightly  soluble  in  water.    NO^OH  attacks 
and  dissolves  it  as  bo^acic  acid.    It  burns  vivuUy  mto  boracic 
ANHYDRIDE  B-.O,,  whcn  heated  in  oxygen.    Prep  by _  heating 
potassium  bor8-fluoride  KF.BF,  with  the  metal  potassium  m  a  . 
small  iron  vessel,  and  removal  of  the  soluble  potassium  fluoride 
by  water.    ^Cia^BF,]  +  jK^  =  &KF  +  B,.    There  is  also  a 
crystalline  variety  of  boron.    Nearly  colorless  or  brown,  sp.  gr. 
2  U     Always  contains  aluminum  boride  B.Al.     Very  Hard  : 
.scratches  the  ruby.  Acids  have  no  aclion  upon  it.  Infusible,  and 
only  partiaUy  combustible  in  oxy-hydrogen.  Prep,  by  dissolving 
amorphous  boron  in  fused  aluminiun  at  a  high  temperature^  and 
removal  of  aluminum  by  hydrogen  chloride.  Compounds,  B  and 
0     Boracic  anhydride  B.,03,  =  7°-    Issues  as  boracic  acid 
BO(OH)  H„0  with  jets  of  steam  in  the  maremma  ot  1  uscany. 
Fuses  to  "transparent  glass,  which  remains  clear  on  cooling 
Prep  by  heating  boracic  acid  to  redness.  Volatilized  with  great 
difaculty,  hence  it  drives  out  many  salt-radicles  ^^:lien  heiitecl 
with  their  salts.    Boracic  acid  BO(OII),OI-L  or  HBO„OH.,. 
In  pearly  scales,  soluble  in  25  parts  of  water  at  18  C,  and  in 
■    3  parts  of  boiling  water.    Turns  turmeric  paper  browm.  Soluble 
in  alcoliol  and  gives  green  color  to  llame.    Borates  are  its  salts : 
all  soluble  in  NO^OH.    Chief  salt :  borax  or  sodium  ei-bouate 
Na,0,2B/)3  or  Na^B.O^ioOH,,  which  is  found  native  Dis- 
solved in  water,  it  is  decompo.sed  by  dilute  sulphuric  acid,  and 
furnishes  boracic  acid.    B  and  N.    [Boron  nitride  BN  =  2^.^ 
White  amorphous  powder,  insoluble  in  water.    In  current  ot 
steam,  yields  NHjH-B.O,.    Obtained  by  heating  B  m  N  or 
better  boraK  with  ammonium  chloride.  NiijO,2B203 -|-  JNH^CI 
+  2NaCl  +  4H,,0  +  2BN.]  B  and  CI.   [Boron  chloride 
BCI3  -  1 17. ^.    Colorless,  mobile  licpiid,  of  sp.  gr.  t.?-;,  lioilmg 
at  lyP  C.    Decomposed  by  Water  into  boracic  and  hydroehloiic 
acids  :  hence  fumes  in  air.    i'rep.  by  heating  mixture  of  B^Oj 
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anrl  charcoal  to  bright  redness,  and  pnssing  a  stream  of  drj' 
Clilorhie  over  it.]  B  and  F.  [Boron  fluoride  BF3  =  6».  A 
colorless  gas,  irritating,  fuming.  Water  dissolves  700  times 
its  volunie,  producing  a  i'uining  liquid  of  sp.  gr.  1.77.  The 
elements  of  water  make  it  into  BjOs.fiHF,  really  the  character 
of  the  solution.  Prep,  of  BF3.  By  igniting  a  mixture  of 
calcium  fluoride  with  boracic  anhychide.  sCaF^  +  4B2O3  = 
3Ca2B02+  2BF3.  When  BF3,  dissolved  in  niucli' water,  fluo- 
boric  acid  HF.BFj,  is  obtained  with  free  bor;icie  acid.  (BF^  + 
f.OHj  =  :(B()2H,0I-L)  +  6(HF,BF3).  Boion  made  from  potas- 
SICM  BoROFLUOEiDE  KF,I3F3,  by  heating  with  K.] 

Xin.  Silicon  Si  =  28. 

Tetrad  element,  never  native.  Discovered  by  Berzelius  in 
1823.  Combined  with  oxygen,  silicon  forms  silica  or  silicic  an- 
hydride, one  of  the  most  abundant  minerals.  Like  boron,  two 
distinct  modifications  of  silicon  are  known,  a.  Amorphous  silicon. 
BriDwn  powder,  insoluble  in,  and  denser  than,  water.  A  non- 
conductor of  electricity.  Soils  the  fingers.  Intact  in  nitric  or 
sulphuric  acids  :  readily  removed  as  gaseous  Silicon  fluoride  by 
Hydrogen  fluoride.  Burns  brilliantly  wlien  heated  in  air  Prej).  by 
heating  Potassium  with  Potassium  silico-fluoride :  ^(KFjSiF^  4- 
4K0  =  loKF  +  Si2.  h.  Crystalline  silicon.  Sti  el-grey,  metalline, 
and'  a  conductor  of  electiicitv.  Sp.  gr.  2.49,  Not  attacked  when 
fused  with  NO2OK  or  C10,'0K.  Heated  in  Ch,  into  SiCl^ ;  in  a 
stream  of  CIH  into  Silicon-chloroform  SiHClj  and  hydrogen. 
Prep,  by  heating  in  a  red-hot  crucible  a  mixture  of  jjotas^ium 
silico-fluoride,  sodium  and  granulated  zinc :  Ihe  liljerated  Si 
dissolves  in  the  zinc.  Tlie  latter  is  removed  by  CIH.  Compounds. 
Si  and  H.  [Silicon  hydride  SiH^  =  32.  Coloiless  gas,  which 
only  takes  fire  spontaneously  in  air  when  free  H  is  present. 
Passed  through  a  red-hot  tube,  it  is  decomposed  into  Si  and  2H„. 
Impure  it  is  obtained  from  mngnc  slum  silicideimd  CIH  ;  always 
accompanied  by  free  H.]  Si  ami  0.  Silicic  anhydride  or  Silica 
SiOj  =  60.  In  two  modifications,  crystalline  and  amorphous. 
As  "rock-crystal,"  in  G-sided,  transveisely  striated  prisms,  ter- 
minated by  6-sidod  pyi-amids.  Sp.  gr.  2.69.  Insoluble  in  water, 
and  in  all  acids,  except  hydrogen  fluoride,  which  volatilizes  the 
silicon  as  fluoride  Amelhyst.  cairngorm,  agate,  flint,  carnelian, 
onyx,  chalcedony,  are  varieties  more  or  less  pure  of  quartz,  or 
silica.  Opal  contains  about  10  per  cent,  of  water.  Fusible  in  oxy- 
hydrog,  n.  Amorphous  silica  is  a  fine,  white,  tasteless  powder, 
obtainable  from  either  of  the  hydrogen  silicates  by  a  gentle  heat. 
When  once  heateil  to  redness,"  FIl  is  its  only  solvent,  by  de- 
composition. Coiniwsition  of  the  hydrates  of  silica  doubtful. 
OH2,3SiO.,,  and  0H2,4Si02.    Silicates.    Clay,  felspar,  mica,  &c., 
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are  silicates.    Metasilicates  represented  by  formula  H^SiO^  or 
SiO(OH).,;  orthosUicates,  by  H^SiO^  or  Si(OH),.    Hyclratos  ot 
silica  are  soluble  in  water.  At  a  red-heat  SiO„  is  one  of  the  most 
powerful  of  the  acids,  as  it  is  not  volatile,  and  takes  the  place  ot 
the  volatile  salt  radicles  in  their  respective  salts.  Potassium 
sulphate  and  silica  strouglv  heated  give  potassium  silicate  as  the 
residue.    Glass  is  <?eiiorany  a  mixture  of  certam  silicates  (see 
GLASS).    Si  and  N.  "[Silicon  nitride  formed  by  heating  Si  in  N. 
A  lic-ht  bluish  iibrous  compound.]    Si  and  S.    [SUicon  sulphide 
SiS.,.   White,  earthy,  solid  ;  deliquescent.  Decompt)S(  d  by  water 
into  -SH,  and  SiO.,.    By  heating  Si  in  S  vapor,  SiS„  is  tormed.J 
Si  and  CI.    Silicon  chloride  SiCl^  =  170.    Transparent,  color- 
less liquid,  pungent,  irritating.    Sp.  gr.  1.523.    Decomposed  by 
water  into  orthcsilicic  acid  Si(OH)„  and  4HCI.    Prep,  by 
strou<^lv  heating  a  mixture  of  silica  and  charcoal,  and  passing  a 
stream  of  CU  over  it :  SiO,  +  2CI..  +  C,  =  2CO  +  SiCl,.  Silicon- 
chloroform  SiHClj  mixed  with  SiCl.,  constitutes  chloro-leukon 
SiaH^Clio.    Si  nnd  Br.    [SiUcon  bromide  SiBr^.    A  liquid  ot 
sp.gr.  2Sii.    Similarly  prei)ared  and  of  similar  behavior  to 
SiCl^.]    Si  and  I.    [SUicon  iodide  Sil^.    In  colorless,  trans- 
parent o'ctahedra,  which  melt  at  i2o°.s  C.     From  Si  and  I 
at  high  temperatures.  Also  Silicon  sesqui-iodide  Sijle.]  Si  and 
F.    Silicon  fluoride  SiP^  =  104.    Colorless  gas  of  sp.  gr.  i.(>, 
fuming  strongly  in  moist  air.    Uninfi.immable.    Condensable  to 
a  liqufd.  which  is  solid  at  -  r  40°  C.  Must  be  collected  over  water, 
as  it  is  in  part  decomposed  by  the  latter.   Prep,  heating  calcium 
FLCORiDE  CaPj,  together  with  silica  SiOj  and  sulphuric  acid 
in  a  dry  flask,  and  collecting  over  mercury.  iCaPj  +  ^SOoCOHij 
=  2SO.,02Ca  -f  4HP.     Then  :   4HP  +  SiO^  =  2OH.,  -|-  SiF^. 
Hydrogen  silico-fluoride  2HF,SiP4  =  144.    A  sour,  fumiug 
liquid.     If  it  attacks  glass,  it  is  because  SiF4  volatilizes  from 
it   and  leaves  HP.    Action  of  water  upon  silicon  fluoride 
SiP^.    3  SiP,  -1-  4OH,  =  Si(OH),  -t-  2[2HP,SiP  J  Orthosilicic 
acid  can  be  removed  by  liltratiou,  and  is  thus  easily  obtained 
pure. 

XIV.  Phosphortis  P  =  31.    P.,  =124. 

A  triad  element,  never  native.  A  constituent  of  the  bones  of 
vcrtebrata,  of  blood  and  urine,  &fi.  In  primitive  and  volcanic 
rocks,  in  an  oxydized  form.  Discovered  by  Brandt  in  1669. 
Called  Phosphorus  from  its  luminosity  in  air  (from  <piiis  light, 
tpophs  bearer).  Phosphorus  is  a  translucent  body,  resembling 
wax,  and,  from  oxydation,  with  a  garlic  smell.  Brittle  at  low 
temperatures,  it  may  be  cut  with  a  knife.  Sp.  gr.  r.83.  Molts 
at  44°  C,  to  a  transparent  liquid  ;  boils  at  208°  C.  100  c.ii.  of 
the  vapor  weigh  135  grains.    It  is  insoluble  in  water,  slightly 
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soluble  in  etlier,  but  more  so  in  benzene,  turpentine  and  other 
oils.  In  CS,,,  in  S^CU  and  in  PCI,  it  is  freely  soluble  and  may 
be  obtained  crystallized  in  i-hombic  dodecaliedra.  It  is  a  non- 
conductor of  electricity.  When  slowly  oxydized,  it  gives  rise  to 
PHOsPHOEODS  ANHYDRIDE  P0O3 :  in  activc,  full  combustion,  to 
PHOSPHORio  ANHYDRIDE  If  One  volume  of  H  encloses  one 

atom,  one  volume  of  phosphorus  in  vapor  encloses  two  atoms  : 
the  molecules,  of  two  volumes,  Iherefore,  four  atoms.  11.19  litres 
weigli  62  grammes.      Phosphorus  affords  one  of  the  most 
interesting  illustrations  of  allotropism.— If  common  or  vitreous 
phosphorus  be  exposed  to  light  under  water,  it  becomes  wMte, 
opake,  less  fusible  and  of  sp.  gr.  1.515  ;  it  is  re-converted  into 
the  vitreous  at  a  temperature  below  50°  C. — A  third  variety  is 
obtained  by  suddenly  cooling  melted  phosphorus.     This  is 
black  and  npuke,  but  becomes  vitreous  by  simple  fusion  and  slow 
cooling. — A  fourth,  or  viscous  variety,  by  lieatiug  very  pure 
phosphorus  to  near  its  boiling-point  and  suddenly  cooling.— The 
tilth  is  the  most  important  variety,  as  it  is  not  poi.sonous,  and 
need  not  be  kept  under  water,  as  it  does  not  inflame  below 
260°  C.    First  obtained  by  sublimation  of  Phosphorus  iu  the 
Torricellian  vacuum  by  exposure  to  sunlight.    It  is  now  largely 
prepared  by  lieating  vitreous  phosphorus  in  an  atmosphere  of 
carbonic  anhydride  for  30  or  40  hours  at  a  temperature  of  230X. 
to  240°  C.    A  red  powder  of  sp.  gr.  2.14.  Insoluble  in  all  media. 
Crystallizes  in  rhombohedra.    At  260°  C.  inflames  and  burns  to 
PoOj.    In  CU  it  burns,  as  does  the  vitreous,  and  it  detonates 
when  rubbed  "with  ClOjOK.    Used  in  Bryant  and  May's,  and 
Bell  and  Black's  matches.    Prep,  of  commoii  phosphorus.  Cal- 
CHiM  ortho-phosphate  (POJ.,Ca,  is  changed  by  S()^H„  into 
Calcium  svperphosfhate  [(Pd.,)„H,Ca]  and  Calcium  sulphate 
SO.Ca.    Thus  :  (P0,)..Ca3  -f  2Sb,H,  =  2S0,Ca  +  (PO,)„H,Ca. 
The  superphosphate  is  filtered  off  from  the  nearly  msoluble 
SOjCa,  is  mixed  with  charcoal,  dried,  and  heated  to  rechiess. 
TJie  superphosphate  (PCi^JIjCa  by  loss  of  2OH.,  becomes 
CALCIUM  metaphosphate  (P03).,Ca.    And  tlds  metaphosphate 
heated  to  whiteness  in  an  earthen  retort  with  charcoal,  gives 
calcium  pyrophosphate,  carbon  oxide  and  Phosphorus,    Thus : 
4['P03\Ca] -f  ioO=2[P.,0;Ca„]4-ioCO-|-P4.  The  phosphorus 
is  received  in  water.   Compounds.  P  witli  H.   Three  compounds 
H3P ;  H,P„  and  H.P^,  a  gas,  a  liquid,  and  a  solid,    a.  Phos- 
phorus hydride  or  Phosphiue  H3P  =34-    Colorless  gas  of  strong 
garlic  od(a-.    Very  inflammabic,  burning  into  water  and  phos- 
phoric anhydi-ide.     4  \o\s.  require  8  vols,  of  O  for  complete 
combustion.    Very  little  soluble  in  water.    Behaves  like  am- 
monia and  unites  witli  IH  to  iodide  of  phosphonium  H^PI. 
J'rep.   a.   distilling   phosphorous  acid  PHO^OII)..     Tlius : 
4PH0(OII).,  =  3PO(OII)3  +  K^T.—h.  boiling  phosphorus  with 
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a  solution  of  potassium  hydroxide.  Pj  +  3KOH  +  3 OIL  — 
3PH.,0(0K)  +  HT.  N.B.— lu  this  process,  tlie  presence  of 
liquid  H,P„,  renders  phosphine  spontaneously  infiammable.  Can 
he  separated  hy  a  freezing  mixture.  CALCiUJr  uyduoxide  may 
also  be  used,  and  calcium  hypophosphite  obtained  at  same  time 
2P,  +  3Caf  OHu  +  60H„=  5P,0„H^0.,Ca  +  2H3P.  reduces 
silver-salts,  H^P  +  4OH,  +  8NO3A.2;  =  A^g,  +  8N0.,0H  +P0 
(0H)3.  Precipitates  cupric  phosphide  2H3P  +  3SO.,Cu=  3SOjH2 
+  Cu3P,.l  With  IH,  H3P  unites  to  form  a  crystalline  com- 
pound PH|I.  an  IODIDE  OF  phosphonidm.  P  and  0.  Two 
anhydrides  :  and  P.  O5,  forming  phosphites  and  phosphates 

of  hydrogen  and  other  metals,  i.  [Hypopliospliorous  acid  PHjO 
(OH),  a  syrupy  liquid,  apt  to  absorb  oxygen,  and  therefore 
a  deoxydizing  agent.  Immediately  reduces  potassium  perman- 
ganate. Hvpophnsphites  all  soluble.  By  heat  into  orthophos- 
phoric  acid  ■pO(OH)3  and  phospliine  H3P.  From  barium  hypo- 
phosphite  by  dilute  sulphuric  acid,  we  obtain  the  acid  or  hy- 
droxyl  salt.]  2.  Phosphorous  anhydride  P2O3  =  no.  White 
powder,  volatile,  deliquescent,  inflammable.  By  slow  combus- 
tion of  piiosphorus  ill  dry  air.  Phosphorous  acid  or  hydrogen 
phosphite  PH0(0H)2.  Crystalline  deliquescent  substance 
prone  to  further  oxydation.  Phosphites,  neutral  and  acid,  as 
di-basic.  [In  a  free  state  does  not  immediately  reduce  potassium 
permanganate.  Reduces  sulphurous  acid  to  hydrogen  sulphide 
with  deposit  of  S  by  reaction  upon  the  SO(OH).,,  and  raises 
itself  to  orthophosphoric  acid.]  Prep,  by  adding  water  to  phos- 
phorous cldoride,  and  removal  of  hydrogen  chloride  by  heat. 
Thus:  PCI3  -f  3OH.,  =  3CIH  -f  PHO(OH)..  3.  Phosphoric 
anhydride  P.,05  =  142.  Snow-white,  flocculent,  deliquescent 
powder,  fusible  and  volatile  at  a  white  heat.  Great  affinity  for 
water  ;  powerful  desiccator,  surpassing  all  others.  Forms  with 
water  three  acids  or  salts  of  hydrogen,  mono-,  tri-,  and  tetra-basic. 
a.  Ortho-phosphoric  acid  P0"(0H)3.  or  tri-hydrogeu  phosphate,  is 
the  common  phosphoric  acid  H3PO4  as  it  is  often  written. 
Crystalline.  Tri-hasio.  Obtained  by  boiling  P^O.,  with  water, 
or  by  boiling  meta-phosphoric  acid  PO.OH  with  OH,.  "  Bone- 
earth,"  from  which  phuspliorus  is  made,  is  Calcium  ortho-phos- 
phate (P0.,),Ca3.  Phosphates:  all  inisoluble  but  those  of  alkaline 
metals.  POCOAg),  is  yellow,  and  soluble  in  NO^OII,  as  well  as 
in  H3'N'.  SHj  reaciily  separates  orthophosplioric  acid  from  lead 
or  silver  ortlio-phosphato.  2PO,,Ag3-f  3SH2  =  jAgjS  +  2PO.,H3. 
h.  Pyrophosphoric  acid  or  hydrogen  pyrophosphate  P,,03(0H)^  or 
P,0;H|.  Can  be  obtained  in  crystals.  Silver  pyro-phosphate  is 
white.  Prep.  When  orthophosphoric  acid  is  iieated  to  over  2 1 3°  C, 
it  loses  OH.,  and  becomes  pyroi)hosphoric  acid.  2PO(OIi)3  = 
OIL  +  P203(Oiry,.  Also,  "when  di-sodium  hydroxyl  ortho- 
phospliato  is  heated  to  low  redness,  it  loses  OHj  and  ou  re-dis- 
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solving,  gives  sodium  pyrophosphate.  2[P0(0H)f  0Na)2l  —  OH^ 
=  P203(ONu)4.  A  pyro-phosphate,  decomposed  by  sulpliuiic  !icid, 
yields  orthopliosplioiic  acid  on  boiling.  Ordinary  pliosphoric 
acid  is  precipitated  as  MAGNESUM-AMMONifM  orthophosphate, 
calcined  and  weighed  as  magnesium  pyrophosphate  P^OjO^Mg,, 
100  partsof  wliicli  contain  6 3.96  per  cent,  of  P...O,.  3.  Metaphos- 
phoric  acid,  glacial,  or  hydrogen  metaphosphatePOoOH  or  PO3H 
=  80.  Results  from  heating  either  ortho-  or  pvro-phosphoricacid  to 
redness.  Prep.  P0(0H3^  by  heat  =  OH^  +"PO.,H.  A  substance 
resembling  ice,  very  deliquescent  and  sour.  Monobasic.  Pre- 
cipitates albumen.  Metaphosphates.  Silver  metaphosphate, 
white.  When  boiled  with  water,  meta-phosphoric  acid  gives  ortho- 
pliosphoric  acid.  Phosphorus  oxide  P4O  =  140.  A  red  powder, 
always  formed  in  the  incomplete  combustion  of  phosphorus. 
P  and  N.  [Phospham  HNjP  contains  H  iu  addition.  Yellow- 
isli-white,  bulky  powder.  Obtained  by  heating  PClajSHsN  in  a 
current  of  carbonic  anhydride.]  P  and  S.  [Six  comjionuds 
are  known.  PoSj  and  PjS,,  are  the  analogues  of  tlie  respective 
o.\;ygen  compounds.  The  compounds  PjS,  Y.S3  and  P^S-  form 
sulphur  salts  with  metallic  sulphides.]  P  and  Se.  [Three  sele- 
iiides  known  P^Se,  P^Scj  and  PjSe.,.]  P  and  CI.  i.  Phosphorous 
chloride  PCI3  =  137.5.  Colorless,  fuming  liquid,  very  volatile. 
Sp.gr.  1.45.  Boils  at  73°. 8  C.  Great  solvent  of  phosphorus.  Im- 
mediately decomposed  by  much  water  into  hydrogen  chloride 
and  phospliornis  acid.  PCI3  +  jOH^  =  6C1H  +  POH(OH),. 
Prep,  by  passing  dry  Chlorine  into  melted  phosphorus  in  excess. 
2.  Phosphoric  chloride  PCI-  =  238.S.  White,  ciystalhne  solid, 
volatile  below  100°  0.  Very  deliquescent.  Easily  prepared 
by  saturating  PCI3  with  CL.  By  a  large  excess  of  water,  it 
is  instantly  decomposed  into  hycbogen  chloride  and  ortho- 
phosphoric  acid.  Thus  :  PCI,,  +  40H„  =  5CIH  +  P0(UH)3. 
Phosphoric  oxy-chloride  or  phosphoryl  chloride  POCI3  =  i5  3-5- 
Limpid,  volatile,  fuming  Liquid,  much  used  in  chemical  research. 
Boils  at  rio°  0.  Prep.  a.  from  phosiDhoric  chloride  with  little 
watei-.  PCI5  +  OH,  =  2CIH  +  POCI3.  b.  By  heating  phos- 
phoric chloride  with  phosphoric  anhydride.  P0O5  +  3PCI5  = 
5POCI3.  c.  By  heating  phosphoric  chloride  with  crystallized 
boracic  acid.  3PCI5  +  2(B0OH,OH2)  =  6C1H  +  B2O3  +  3POCI3. 
d.  By  passing  O  into  boiling  PCI3.  [Phosphoric  sulpho-tri- 
chloride  PSCI3  =  169.5.  Fuming,  colorless  liquid.  Boils  at 
257°  C.  Prej}  by  decomposing  phosphoric  chloride  PCI5  with 
SHo.  PCI.,  +  SH„  =  2CIH  +  PSCI3.  Or,  by  addiiig  antimonous 
sulphide  to  phosphoric  chloride.  Sb^Sj  +  3PCI5  =  2SbCl3  + 
3PSCI3.  When  heated  with  sodium  hydroxide,  sulphoxyphos- 
phate  is  formed;  PSCl3  +  6NaOH  =  3NaCl-|- 30H.,+ PSCONa),.] 
P  and  Br.  [Phosphorous  hromide  PBr3.  Liquid,  boils  at  1 75". 3  C. 
Phosphoric  bromide  PBrj.  Oxy-bromide  POBra.]  Pandl.  [Din- 
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iodide  of  phosphorus,  PL  =  285.  In  prismatic  crystals  of  orange 
color  Meltsat  iio°0.  L5y  dissolvin.ii  Pin  CS.,  and  aildm- lodme. 
Phosphorous  iodide  PI3  Dark  red,  6-sided  plates.  Fiibes  at 
50°  C] 

XV.  Arsenicum  As  =  75.    A84  =  300. 

A  tria  l  element,  sometimes  found  in  a  free  state,  but  chiefly 
in  combination.   Mishckel  FeSAs;  tin-white  cobalt  CoAs^; 

COB  \LT-GLANCE  CoSAs  ;    NICKEL-GLANCE  NiSAS ;  KUPFERNICKEL 

NiAs;  AusENiCAL  NiCKiiL  NiAs^ ;  realgar  As„S,;  oepisient 
As.  S 

i'lie  vapor-density  of  arsenicum,  compared  with  that  of  H,  is 
150  which  is  twice  its  atomic  weight,  so  that  its  molecule  (like 
that  of  P)  occupies   as   vapor  only  half  the  volume  ot  a 
molecule  of  H.    i  i .  19  litres  of  arsenicum  weigh  1 50  ^aummcs. 
yteel-grey,  metallic;  crystallizes  in  rhombohedra.  Very  brittle. 
Tarnishes '  and  loses  all  its  lustre.    Sp.  gr.  5  .  7  to  5  .  y.  Heated 
to  irto°  in  close  vessels,  it  volatilizes  without  lusion.  _  Tlie 
vapor,  slightly  oxydizLd,  has  a  garlic  odor.     Burns  m  air 
with  bluish  flame.  "  Arsenicum-crust  readily  soluble  in  chloride 
of  lime  sclniion,  and  as  powder,  burns  in  Chlorine.  NO.jOH 
readily  oxydizes  it  to  arsenic  acid  AsO(OH),.   Frep.  from  arse- 
nious    anhydriile  by  charcoal.     2AS2O3 -)- 3C  =  3CO2 -1- As^. 
Compounds.    As  with  H.    Arsine  H3AS  =  78.    Or  arsenietted 
hyih-O'^ea.    Colorless  gas  of  strong  garlic  odor.  FearluUy 
poisonous.    At  -  50°  C,  a  colorless  liquid.    Heated  to  redness 
in  absence  of  air,  into  steel-grey  crust  of  As  and  H.  Ciilorine 
deposits  a  solid  brown  hydride     Presence  of  NOjOH  most 
objectionable  in  presence  of  AsHj,  as  solid  hydride  deposited. 
To  be  remembered  in  Marsh's  test.    Solution  of  SO4CU  absorbs 
the  gas,  whilst  CU3AS2  is  deposited.    Passed  into  NO.^Ag, 
silver  is  drposited,  and  arsenic  acid  found  in  solution.   HjAs  + 
aNO^COAg)  +  4OH.,  =  8N0.,(01i)  +  4Ag,  -I-  AsO(OH)3.  Beinsch's 
test  consists  in  deposit  of  Cu3A^<2  upon  a  clean  slrip  ot  copper 
in  CIH  solution  containing  arsenical  compound.    Burns  in  air 
with  bluish  flame,  depositing  white  vapors  of  As^j.  Incom- 
pletely burnt,  deposits  arsenicum  on  cold  surfaces,  instantly  dis- 
solved by  Cl.pCa.  Frej).  of  H3AS.  From  zinc  aisenide  by  dilute 
sulphuric  acid    As  with  CI.    Arsenious  chloride  AsClj  =  1815. 
Heavy,  col(irles.s,  oily  liquid,  fuming.    By  water  into  CIH  and 
A82O3.    Arsi  uicum  burns  in  CI  into  AsClg.    Easily  made  by 
passing  dry  Chlorine  over  heated  As^Oj.    [Ab  with  Br.  Arse- 
nious "bromide  AsBr,.     Deliquescent,   coloiless   prisms.  As 
■with  I.  Arsenious  iodide  Aslj.    Briek-red  solid  of  sp.  gr.  4.39. 
As  with  F.  Arsenious  fluoride  AsFj.    Fuming  colorless  li(iuid, 
of  .sp.  gr.  2.73.    Boils  at  (  3°  C]    As  and  0.    1.  Arsenious 
anhydride  A3JO3  =  xy8.     Also  arsenic  trioxide,  and  white 
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arsenic.  Two  modifications:  vitreous  and  crystnlline.  The 
vitreous  of  sp.  gr.  3.74,  most  soluble  in  water.  The  latter,  at 
100°  onljr  retains  11  per  cent.,  and  not  more  than  3  per  cent, 
when  cold.  Very  sululile  in  hot  CIH.  Poisonous:  antiilotes 
magnesia  and  precipitated  ferric  hydroxide  Fe^COHie.  Crys- 
tallizes in  octaliedra;  rarely  in  prisms.  Volatile  without  fu.siou 
at  I  93°.  3  C.  Its  vajjor  contains  one  vol.  of  As  and  3  v<ds.  of 
0  condensed  into  2  vols.  Arsenites.  Arsenious  acid  A.s(0H)3, 
is  tri-basio  and  feebly  acid.  Frep.  of  AS2O3.  By  roasting 
arsenical  ores  :  the  As  oxydizes  and  sublimes.  PoTA.ssirai 
AHSENiTB  As(0K)3,  in  Folder's  solutiuu,  u.sed  in  medicine. 
AuGENTUM  ABSENITE  A.sCOAgjj,  is  caiiary-yellow,  soluble  in 
H3N  and  in  NOoOH.  Cupeic  hydkoxtl  arsenite  As(0H)(02Cu) 
or  CuHAsOj,  is  Scheele's  Green,  toluble  in  H^N  and  in  NO3H. 
2.  Arsenic  anhydride  As„Oj  =  230.  Arsenic  pcMitoxide.  White 
powder,  somewhat  deliquescent.  Arsenic  acid  AsO(OH)3  or 
H3ASOJ,  is  a  tribasic  acid  like  orthophosphoric  acid.  The  only 
well-defined  hydrate  answers  to  Pyr-arsenic  acid  As„03(OH)4. 
By  oxydation  of  As^Oj  by  means  of  NO„OH,  arsenic  acid  is 
obtained.  Affords  an  easy  method  of  preparing  uitimis  acid. 
AS2O3+  3OH2+  2NO„OH  =  2AsO(OH)3+2NOOH.  Arsenates. 
Many  i^iomorphous  with  phospliates.  Isomorphism  ;  similnriiy 
in  form  with  analogy  of  composition.  Silver  arsenate 
AsO(OAg)3.  liver-ljrown,  soluble  in  H3N  and  in  NO.^OH.  CrPRic 
arsenate  AsO(OH)(02Cu)  is  blue.  As  and  S.  a.  Di-arsenicum 
disulphide  ASjS.,  =  214  "Eealgar"  jS'ative,  in  ruby-red  prisms. 
Insoluble  in  water,  and  in  CIH.  Prepared  artilicially  4AS2O3  -|- 
78,  =  4AS2S2  +  6yU2.  White  Indian  fire  is  a  mixture  of  2  parts 
reidgar,  7  of  sulphur  and  24  of  saltpetre,  h.  Arsenious  sulphide 
ASjSj  =  246.  "Orpiment":  aurnm  jiigmentum.  Obliquo  rhom- 
bio  prisms  of  yellow  color  and  brilliant  lustre.  Insoluble  in 
water  and  in  CIH.  Very  soluble  in  H3N,  in  ammonium  car- 
bonate, and  suljihide.  Also  in  KOH.  Thus:  As.,S3 -(- 4KOH 
=  OH„  -f-  AsOHO  >K)2  +  AsSH(SK).^.  Salts  :  Suipharsenites. 
c.  Arsenic  sulphide  AsjS,  =  310.  Yellow  substance,  by  fusion 
of  S.,  wilh  As„S.,.  Not  precipitated  from  acid  solutions  of 
arseihc  acid  by  SIX.,.  2AsO(OH)3  +  sSH,  =  5OH2  -i-  As.,S3  -|-S„ 
Sulpharseuates.  [lu  suipharsenites  and  sulpharsenates  Sul- 
phur takes  the  place  of  Oxygen  in  the  corresponding  salts.] 
Sodium  sulpharsenate  AsS(SNa)3. 

End  of  the  non-metallic  elements. 
Eemarks. 

The  reader  will  have  observed  that  all  the  oxides  of  non- 
metallic  compounds  which  arc  called  anhydrides,  arc  capable  of 
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formin-  acids.  Tlicy  one  and  all  contain  certain  Eadioles  or 
unsaturated  residues  ^see  p.  2).  Nitric  acid,  For  example,  ma,y 
f.e  looko.l  upon  arf  a  molecule  of  water,  in  which  mtric  oxide 
NO ,  has  taken  the  place  of  an  atom  of  Hydrogen.  Now  nitro- 
gen is  a  triad  element,  and  in  the  radicle  NO.,,  three  out  ot  the 
fbiu-  bonds  pos.sessed  by  tue  dyial  element  o.xygen  are  muted 
with  it :  one  bond  is  five  or  unsaturated,  and  therelore  NO.  is  a 
compound  monad  radicle.  Nitric  acid  contains  OH,  or  water, 
minus  one  atom  of  hydrogen— the  monad  radicle  which  h;is 
r.'ceived  the  name  of  hydroxyl.  All  the  compound  radicl  s 
am.jug  the  non-metallic  elements  called  acids,  eontcun,  according 
I.)  their  basicity,  one,  two,  three  or  four  atoms  of  hydroxyl. 
The  acids  are  either  monobasic  (like  NTO.OH;  NOoOH  ;  Cl.OH  ; 
ClO.OH;  ClOoOH,  &c.  &c.) :  dibasic  like  (SOiCOH)^) ;  tn- 
basic,  like  As(6H)3  or  tetrabasic  like  AsO(OH)3.  ^ 

There  are  also  radicles,  both  simple  and  compound,  whicu 
form  salts  of  hydrogen.  These  are  distinguished  from  acids  or 
salts  of  hydrox'l  by  tlie  prefix  iiydrogen.  Thus  we  have  liydro- 
gea  chloride,  hydrogen  sulphide,  hydrogen  cyanide.  CI  is  a 
monad  radicle,  therefore  OIH  is  a  saturated  compound,  a  salt  ot 
the  monad  metal  hydrogen.  S  is  a  dyad,  and  therefore  SH, 
is  hydrogen  sulphide,  tlie  dyad  united  by  its  two  combining 
powers  with  2  atoms  of  the  monad  hydrogen.  In  hydrogen 
cyanide  CNH,  carbon  having  4  combining  powers,  is  united  by 
3  to  nitrogen,  and  the  monad  radicle  thus  produced,  is  satu- 
rated by  it's  union  with  H  in  CNH  or  prussic  acid. 

An  acid,  whether  a  compound  of  hydroxyl  or  of  hydrogen, 
reflects  the  union  of  an  electro-negative  (radicle)  with  an 
electro-positive  element  or  quasi-element.  The  Hydrogen  or 
the  Hydrogen  of  the  hydroxyl  may  be  exchanged  for  any  other 
Metal,  and  form  so-called  metallic  salts. 

The  ditlerence  in  the  combining  powers  of  the  elements  must 
now  be  compreliended.  But  it  must  also  have  been  noticed  that 
tlie  same  element  may  vary  in  its  quantivalence.  Thus  nitrogen 
is  a  monad  in  N.,0;  a  triad  in  H^N,  and  a  pentad  in  N„0^. 
Kven  in  the  case  o"f  cyanogen  there  is  reason  to  believe  that  the 
carbon  is  sometimes  attached  by  its  four  combining  powers  to 
pentad  N,  leaving  one  of  the  bonds  of  the  nitrogen  free,  instead 
of,  as  is  generally  the  case,  three  of  the  carbon  bonds  uniting 
with  the  triad  N,  and  C  forming  the  connecting  link  of  the 
radicle. 

As  tiic  basicity  of  the  acids  is  of  great  importance,  tho  fol- 
lowing Table  will  be  found  usctid.  It  will  also  serve  to  fami- 
liarize the  student  with  common  methods  of  symbolism,  and 
will  prevent  a  slavish  adherence  to  one  modl»f  qxprossion. 
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TABLE  OF  BASICITY  OF  ACIDS. 


1,  a.  Monobasic  acids. 

Hydrogen  chloride     .    CiH      Hy<h-ogen  fluoride    .  FH 
Hydrogen  bromide     .    BrH      Hydrogen  cj'aiiide    .  fCX)H 
Hydrogen  iodide  .     .    IH       Hydrogen  fluo-borate  BFj.FH 


1.  b.  Monobasic  acids  as  salts  of  (OH)  or 

Nitrous  ncid    .     .     .  . 

= 

HNO„ 

Nitric  acid  

NO„.OH 



NO^H 

z= 

HNO3 

Hypochlorons  acid 

ClOtI 

ClOH 

= 

HCIO 

Chlorous  acid  . 

CIO.  OH 

C10,H 

HCIO. 

Chloric  acid 

C10.,0H 

G.OlK 

HCIO3 

Perchloric  acid 

cio;;oH 

CiO^H 

HCIO, 

Bromic  aciil 

.  BiO.,OH 

B1O3H 

HBrOj 

Iodic  acid  .... 

.  IO.,OH 

10  ,H 

HIO3 

Periodic  acid  . 

.  IO3OH 

I0,H 

HIO, 

Boracic  acid 

.    BO.  OH 

BOJI 

HBO, 

Metaijhosphoric  acid  . 

.  PO„OH 

PO3H 

HPO; 

Metantimonic  acid 

.  Sb6.,0H 

SbO,H 

HSb03 

Hypophosphovous  acid 

.  POH^OH 

PH.,b„H 

HPH„0„ 

Hyposulphurous  acid  . 

.  SOHOH 

SHO,H 

HbHO/ 

Hydrogen  sulphide 
Hydrogen  selruate 
Hydrogen  telluride 


2.  a.  Dibasic  acids. 


SHo 

SeH„ 

TeH', 


Hydrogen  titano-fluoride  TiF^.H, 
Hydi-ogen  bilico-fluoride  SiF^.Hj 


2.  b.  Dibasic  acids  as  salts  of  OH  or  H. 


Carbonic  acid . 
Metasilicic  acid  . 
Metatitanic  acid  . 
Metastanuic  acid . 
Sulphurous  acid  . 
Sulphuric  acid 
Tliiosuljihuiiu  acid 
Dithionic  acid 
Trithionic  acid 
Tetrathiouic  acid . 
Pentathionlc  acid 
Selenious  acid 
Selenie  acid  . 
Tellurous  acid 
Telluric  acid  .  . 


CO(OH)„ 

SiO^  0H)2 

TiO  0H)„ 

SnO(OH); 

SOCOHjj 

SO.,(OH)., 

SS6(0H)„ 

S,0,(OH)„ 

S'30,(0H), 

S,0,(OH), 

SeO(OH)„ 
SeO.,(OH), 
TeO(OH).. 
TeO..(OH)2 


=  COjH, 
=  SiOjH, 
=  TiOjH: 
=  SnOjll, 
=  SO3H, 

=  so^h; 

=  S.Ojln 

=  s:,o„h; 

=  S;0,.H2 
=  i'fi.U, 
=  ^.0„IL 
=  SeOjH., 
=  SeO,H„ 
=  TeOjH.,  = 
=  TeO^H^  = 


mcOj 

H.,Si03 
H.'TiOs 
H„Sn03 
H^SOj 

h:so, 

H^S^Oj 
H^S,Oe 
H,S30, 
H.,S,0, 

H,SA 
H.,Se03 
HiSeO, 
H"„Te03 
H;Te04 
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2.  h.  Dibasic  acids  as  salts  of  OH  or  H. — continued. 

Manganic  aeid   .  .  MiiO.,(OH).,  =  MnO^H,  =  H.,MnO^ 

Pei-mangiiuiu  acid  .  Mu„d,(011)2  =  Mii,.Ojt  =  H.,MD„Og 

Clmmiic  acid     .  .  Crd.,{OH),  =  CrOVio    =  H,Cr()^ 

Peichromiu  acid.  .  CrA(OH).,  =  Cr^O^H',   =  H^CiO, 

Piiosphorous  acid  .  PdH(OH)..  =  PO3HH,  =  H..PHO3 

Molybdicacid   .  .  MoO„(OH).,  =  MoO.H^  =  H.,MoOj 

Ferric  acid  .     .  .  FeO.'cOH),'  =  FeO^H,,    =  H^FoO, 

3.  Tribasic  acids  of  OH  or  H. 

Orthophosplioiic  acid .    P0(0H)3  =  PO^Hj     =  H^PO^ 
Arsenious  acid      .     .    As(0H)3    =  AsOjHj    =  H^AnO, 
Arsenic  acid    .    .    .    AsO(OH)3  =  AsO^Hj    =  HaAsU^ 

4.  Tetrabasic  acids  of  OH  or  H. 

Pyropliosplioric  acid  P.,03(0H)^    =  PjO^H^    =  H,P.,0. 

I'yraiitimonic  acid    .  SbjOsCOH)^  =  Sb^O^H^  =  H^Sb,6. 

Pyrarsenic  acid  .     .  As.^OjCOH),  =  ASjOyti^  =  H^AsoO, 

Orthosilicic  acid .    .  Si(OH),       =  SiO^H,    =  H.SiO^ 


B.  The  Metallic  Elements. 

As  the  elements  are  at  least  64  in  number,  and  only  15  liave 
been  considered  among  the  non-metallics,  the  greater  number  is 
comprised  in  this  group.  Many  of  tlie  metals  are  of  small  im- 
portance, and  indeed  but  little  known. 

All  the  metals  oxydize.  Some  have  so  great  an  affinity  for  O 
that  they  can  only  be  preserved  under  naphtha,  or  in  perfect 
exclusion  from  the  air.  They  may  be  represented  as  oxides  of 
hydrogenium,  in  which  the  latter  metal  is  displaced  by  an 
equivalent  of  another  metal.  In  the  oxides  the  whole  of  the  H 
is  displaced  ;  in  the  hydroxides  only  a  portion.  E.g  K^O  :  KOH. 
The  basic  oxides  may  unite  directly  witli  the  anhydrides  to 
form  metallic  salts.  Tlius:  00^  +  K20=  C0(0K)2  potassium 
CARBONATE.  With  an  acid  or  a  salt  of  hydroxyl,  tlie  change  to 
a  metallic  salt  is  simultaneovis  with  the  production  of  water. 
Thus:  KjO  +  GO(OH)2  =  OH2  +  CO(OK).,.  Again,  if  a  hy- 
droxide is  brought  to  a  salt  of  hydroxyl  (a  so-called  acid),  water 
is  formed  together  with  a  metallic  salt.  E.g.  HOK  -t-  00(01 1), 
=  OH,  +  G0(OH)(0K)  or  KHCO3.  Frequently  the  hasylous 
metal  simply  displaces  H  in  OH.  Thus:  +  S0(0H)2  =  H., 
+  iS0(0K)2  or  K2SO3.  In  salts  of  hydrogen,  the  behaviour  is 
very  similar.  Thus:  K.,0 -j- 2CIH  =  OH2 2C1K.  Again- 
KOH  +  CIH  =  OH2  -I-  Clk.  And  once  more  :  K,  +  2CIH  =  H., 
-1-  2CIK. 


o4      METALS,  CONDUCTORS  OF  HEAT  AST)  ELECTRICITY. 


In  the  case  of  peroxides,  they  can  only  become  basic  by  a  loss 
of  oxygen.  Tliis  is  well  seen  in  the  manufacture  of  Chlorine. 
There  is  no  manganous  salt  corresponding  with  MnOj ;  there- 
fore, on  addition  of  hydi-ogen  chloride,  one  atom  of  Oxygen 
forms  water  with  two  atoms  of  H  and  sets  CU  free,  the  peroxide 
MuO„  btcoraing  Manganous  oxide  MiiO,  a  base  which  imme- 
diately reacts  upon  further  2CIH  to  form  OHo,  and  MiiCU. 

Some  lew  metals  form  anhydrides  or  acid  oxides,  but  these 
are  more  akin  to  the  noii-metuls. 

Blijst  oxides  are  insoluble  in  water,  and  so  also  are  most  salts. 
The  oxides  of  the  alkaline  metals  and  their  salts  are  notable 
exceptions.  The  cldorides,  nitrates  and  sulphates  of  the  metals 
are  nearly  all  soluble  in  water. 

The  metals  themselves  are  good  conductors  op  heat.  Ac- 
cording to  Wiedemann  and  Franz  they  rank  as  follows  ;— 

Silver .  .  .  1000 
Gold  .     .     .  98r 

Copper  (rolled)  845 
Copper  (oast)  8 1 1 
Aluminum  .  665 
Zinc,  rolled  .  641 

The  metals  are  also  good  condi  ctoes  of  electricity.  As  a 
rule  <^ood  conductors  of  heat  are  also  good  conductors  of  elec- 
tricity The  conducting  power  of  metals  is  inversely  propor- 
tioned to  theu-  resistance  to  the  passage  of  the  electric  cui-rent. 
According  to  Matthiesseu  tlie  electric  conductivity  ot  pure 
metals  is  as  follows :—  ■ 

Calcium  . 
Potassium  . 
Lithium 
Iron 


Cadmium . 

■  577 

Sodium  . 

365 

Iron  (bar) 

.  436 

Iron  (cast) 

359 

Tin     .  . 

.  422 

Lead  . 

287 

Steel  .  . 

■  397 

Antimony 

215 

Platinum . 

.  380 

Bismuth  . 

61 

Silver  . 
Copper . 
Sodium 
Aluminum 
Macrnesium 


22 . 

20, 

19 
14 


14 
85 

GO 

44 


Palladium 
Platinum 
Strontium 
Mercury 


12.64 
10.53 
6.7c 
1.65 


100.00 
77-43 
37-43 
33-76 
25.47 

With  reference  to  the  specific  heats  of  metals  in  the  solid 
state,  experiment  has  proved  that,  if  we  take  the  atomic  weights 
of  the  metals  instead  of  equal  weights  for  determining  the 
specific  heats,  the  numbers  expressing  the  capacity  tor  heat  ot 
the  atoms  are  all  equal.  The  metals  all  possess  the  same 
ATOMIC  heat.  Th's  will  be  at  once  understood  by  multiplying 
the  sp.  heats  of  the  metals  (see  Table  below)  by  their  respective 
atomic  weights. 

Atomic  weight. 
X  65.2 
X  207. 
X  197-5 


Zinc  . 
Ijead 
Platinum 


Sp.  heat. 
0.0950 
0.0310 
0.0324 


Atomic  lieat. 
6.390 
6.410 
6.399 
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The  slight  differences  arise  from  errors  of  experiment,  and  we 
may  accept  6.4  as  the  common  atomic  heat  of  the  metals.  In 
the  determination  of  the  sp.  heat,  we  have  a  means  of  ascertain- 
ing the  atomic  weight  of  a  metal.  For,  if  we  divide  the  sp.  heat 
of  the  metal  into  6.4,  we  obtain  the  atomic  weight. 

The  elements  in  the  solid  state  possess  the  same  atomic  heats 
as  in  their  compounds.  Hence  is  the  molecular  heat  the  sum  of 
the  atomic  heats  of  the  combined  elements.  [N,  As,  CI,  Br,  I, 
Se  and  Te,  have  the  same  atomic  heats  as  the  metals.  The 
atomic  heats  of  P  and  S  are  found  to  be  5  . 40 ;  of  F  5 .  o  ;  of 
O  4.0  ;  of  Si  4.  7  ;  of  B  2.  75  ;  of  H  2.3  and  of  C  i .  76.] 

The  following  Table  of  the  specific  heats  of  the  elements 
contrasted  with  water  and  ice  is  from  Kegnanlt  and  others : — 


Water  . 

r . 

0000 

Potassium 

.  0.1696 

Indium  . 

0, 

,0570 

Lithium 

0. 

9408 

Diamond 

.  0.1469 

Cadmium. 

0, 

.0567 

Ice  . 

0. 

5050 

Manganesium  0 . 1 2 1 7 

Tm    .  . 

0, 

,0562 

Sodium 

0. 

2934 

Iron  . 

.  0.1138 

Iodine 

0, 

.0541 

Miignesium 

0. 

2499 

Bromine . 

.  0.1129 

Antimony 

0, 

,0508 

Charcoal  . 

0. 

2414 

Nickel  . 

.  o.rc86 

Tellurium 

0. 

,0474 

Boron  . 

0. 

2352 

Cobalt  . 

.  0. 1070 

Thallium 

0. 

■0335 

Aluminum 

0. 

2143 

Zinc  . 

.  0.0955 

Mercury  . 

0. 

Sulphur 

0. 

2026 

Copper  . 

.  0.0952 

Gold  .  . 

0. 

,0324 

Phosphorus 

0. 

1887 

Selenium 

.  0.0827 

Platinum . 

0. 

,0324 

Silicon . 

0. 

1774 

Arsenicum 

.  0.0814 

Lead  . 

0. 

.0310 

Phosphorus 

Palladium 

•  0-0593 

Bismuth  , 

0, 

.0308 

(red).  . 

0. 

1700 

Silver 

.  0 . 05  70 

Metallic  lustre,  a  feature  of  polished  metals :  wanting  when 
in  pulverulent  state.  Opacity  miportant :  gold-leaf  transmits 
green  light.  Color  varies  from  the  whiteness  of  silver  to  the 
yellow  of  gold,  the  pale  yellow  of  liarium ;  the  red  of  copper,  the 
bluish-wliite  of  lead,  &o.  Without  odor.  Insoluble  in 
Water.  HARDNESS  varios  greatly  ;  from  softness  of  butter,  to 
hardness  of  steel.  [Mobs'  scale  of  hardness  in  minerals. 
I.  Talc  (23  specimens  of  minerals).  II.  Gypsum  or  rocksalt  (90). 
III.  Calc-spar  cleavable  (71).  IV.  Fluorspar  (53).  V.  Apatite 
crystallized  (43).  VI.  Felspar  cleavable  (26).  VII.  Limpid 
quartz  (26).  VIII.  Topaz  (5).  IX.  Sapphire  or  corundum  (1). 
X.  Diamond  (1).]  Brittleness  atfected  by  temperature.  Bi, 
SI)  and  As  may  be  pounded.  Tenacity  mcnsured  by  force  re- 
quired to  break.  If  Pb  i,  then  Cd  i .  2  Sn  i .  3  Au  5  .6  Zn  8  Ag 
8.1J  Pt  13  Pd  15  Cu  t7  Fe  26.  Malleability  the  power  of  ex- 
ten.sion  under  rollers:  Au  fir.st.  Ag,  Cu,  Pt,  Pd,  Fe,  Al,  Sn,  Zn, 
Pb,  Cd,  Ni,  Co.  (;old-leaf.jgr,',j„j  of  an  inch  thick.  Ductility  in- 
volves tenacity,  or  power  of  resisting  tension.    Au,  Ag,  Pt,  Fe 
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and  Cu  much  alike ;  then  Pd,  Cd,  Co,  Ni,  Al,  Zn,  Sn,  Pb,  Tl,  Mg, 

1.    As  to  Fusibility  the  metals  rank  thus : — 


Mercury 
Gallium 
Rubidium  . 
Potassium  . 
Sodium 
Indium 
Lithium 
Tin      .  . 
Cadmium  . 
Bismuth  . 
Thallium  . 

Pure  iron 
Nickel  . 
Cobalt  . 
Manganesium 
Palladium  . 
Chromium  . 
Molybdenum 
Tungsten 
Uranium 


-38°. 8  C 

30°.  I 

38°. 5 

62°. 5 

97°. 6 
176° 
180° 
228° 
228° 
264° 
294° 


wind-furnace. 


Imperfect 
fusion  in 
wind-fumace. 


Lead . 
Tellurium 
Zinc  . 
Antimony 
Calcium  . 
Aluminum 
Silver 
Copper  . 
Gold 
Cast  Iron 


Cerium 

Iridium 

Osmium 

Platinum 

Rhodium 

Tantalum 

Titanium 


325°  C. 
326°. 6  ,, 

412° 
621° 
I  above  red 
I  heat. 
1023°  ,, 
1091°  ,, 
1102°     , , 
1530° 


Fusible  rti  oxy- 
hydrogeu. 


Volatility  very  various.    As,  Kg,  Te,  Cd,  Zn,  K,  Na  and  Eu 


can  be  sublimed. 

As  to  SPECIFIC 

GRAVITY, 

the  1 

Lithium  . 

.  0. 

593 

Potassium . 

.  0. 

865 

Sodium 

.  0. 

974 

Rubidium . 

.    I  . 

520 

Calcium  . 

.  I 

578 

Magnesium  . 

.  I 

743 

Glucinum  . 

.  2 

100 

Strontium . 

,  2 

540 

Aluminum 

.  2 

560-2 

67 

Barium 

•  4 

000 

96 

Arsenicum 

•  5 

700- 

5 

Gallium  . 

■  5 

.900 

Tellurium . 

.  6 

250 

Antimony 

.  6 

.710 

Chromium 

.  6 

.810 

292 

Indium  . 

•  7 

.421 

Manganesium 

.  8 

.013 

Cadmium  . 
Molybdenum 
Nickel 
Copper . 
Cobalt .  . 
Bismuth 
Silver  .  . 
Lead  . 
Ruthenium 
Palladium 
Thallium  . 
Rhodium  . 
Mercury  . 
Tungsten  . 
Uranium  . 
Gold    .  . 
Iridium 
Osmium  . 
Platinum  . 


8.604-8.694 

8.620 

8.820 

8.920-8.950 
8.950 
9.800 
10.530 

360 
400 
800 

810-11 .91 
100 
13.596 
1 7 . 600 
18.400 
19.340 
21 . 150 
2 1 . 400 
21.530 


CRYSTALLIZATION. 


CLEAVAGE  OF  CRYSTALS. 
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Tlie  metals  often  occur  crystalltzed  ;  crystals  are  regular 
geometrical  solids.  [lu  certain  positions  crystals  split  regu- 
larly; CLEAVAGE.  The  Hat  surfaces  developed  by  cleavage 
called  faces  or  planes.  The  lines  of  junction  of  two  planes,  its 
edges;  junction  of  two  edges,  a  plane  angle ;  the  point  where 
three  or  more  edges  meet,  a  solid  angle.  Planes  similar,  when 
corresponding  angles  equal,  and  edges  proportional ;  edges  simi- 
lar when  produced  by  the  meeting  of  planes  respectively  similar 
at  equal  angles;  angles  similar  when  equal,  and  contained 
withio  edges  respectively  similar.  In  crystals  extra  faces  often 
formed  by  tije  replacement  of  an  edge  or  the  truncatiun  of  an 
angle.  When  faces  quite  equal  and  similar,  called  simple  forms  ; 
tiiose  resulting  from  a  combination  of  two  or  more  simple  ones, 
secondary  or  compound  forms.  Great  variations  in  the  angles 
of  crystals;  instruments  of  measurement  called  Goniometers. 
Six  classes  of  crystals.  I.  The  regular,  tessular,  or  cubical 
system :  three  equal  axes  around  which  the  crystal  symmetri- 
cally arranged,  crossing  each  other  at  right  angles.  In  cubes; 
salt,  fluor,  iron-pyrites,  alum,  garnet,  diamond,  gold,  silver, 
copper,  lead,  iron,  mercury,  &c. ;  in  octahedra ;  alum,  magnetite, 
chrome-iron  ore,  white  arsenic,  diamond  and  many  metals  :  in 
tetrahedra  ;  copper  pyrites,  jjrey  copper  ore  or  t'ahlerz,  blende  : 
in  rhombic  dodecaheclra  ;  cobalt-glance,  garnet,  diamond,  fluor, 
and  many  metals.  Crystals  possessing  the  completest  symme- 
try, called  liomohedral  forms :  those  derived  from  the  former, 
Itemihedral. — II.  The  right  square  prismatic,  or  pyramidal  system. 
Three  axes  at  right  angles  to  each  other,  two  only  equal, — the 
third  axis  longer  or  shorter.  Includes  the  long  square  prism ; 
tinstone,  zircon,  apophyllite,  idocrase  :  the  short  square  prism  ; 
zircon,  &c. :  the  octahedi'al  square  prism :  apophyllite,  zircon,  &c. ; 
and  the  long  square  octahedron  ;  anatase,  tinstone,  zircon,  &c. 
— III.  The  rhombic  system.  Four  axes ;  three  of  equal  lengths 
in  the  same  plane,  crossing  each  other  at  angles  of  60°,  the 
fourth,  perpendicular  to  these,  may  vary  in  length.  The  chief 
forms  are  :  the  obtuse  rhombohedron  ;  Iceland  spar,  tourmaline  : 
the  acute  rhombohedron ;  Iceland  spar  :  the  ht'xagonal  prism  ; 
emerald,  quartz,  tounnaline  :  the  bi-pyramidal  dodecahednm  ; 
quartz,  apatite ;  and  the  scalene  dodecahedron;  calcite  or  dog- 
tooth spar. — IV.  The  right  rectangular  prismatic  system.  Three 
axes,  all  unequal  and  all  at  right  angles  to  each  other.  Includes 
tiie  right  rectangular  prism;  heavy  spar,  preiinite,  nitre: — the 
right  rhombic  prism:  topaz,  sulphur,  ju'ehnite,  heavy  spar  ;  the 
octahedral  rhombic  prism;  topaz,  sulphur : — and  the  rhombic 
octahedron;  harmatome,  sulphur,  topaz,  &c. — -V.  The  oblique 
system.  The  ibreo  axes  may  all  bo  of  unequal  length  ;  two 
cross  obli(|uely,  the  third  is  perpendicular  to  the  others.  In- 
cludes: the  oblique  rectangular  prism ;  felspar,  epidote,  mica; — 
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the  oblique  rhombic  prism;  selenite,  augite,  spheiie  :— and  f he 
oblique  rhombic  octahedron ;  felspar,  nelenit.e,  &c. — VI.  The 
doubly  oblique  or  anorthic  system.  All  the  axes  of  unequal 
length  and  all  cros.s  obliquely.  Includes:  the  doubly  oblique 
prism  ;  axinite,  blue  vitriol,  &c. : — and  the  doubly  oblique  octa- 
hedron ;  albite,  axinite.] 

When  a  body  crystallizes  in  two  irreconcilable  forms,  it  is 
said  to  be  DiMORPHors;  when  in  three,  TRnionpuoi  s.  Pulveru- 
lent bodies,  without  any  regular  form,  are  called  amorphous. 
Crystallized  bodies,  with  similarity  in  form  and  analogy  of 
composition,  are  called  isomorphous.    E.g.  KCl.  KI.  KF.  K(CN). 

The  metals  combine  together  to  form  alloys  :  they  are  not  so 
well-defined  as  those  of  the  metals  with  0,  S,  Se,  CI,  Br,  I, 
F,  &c.  Tlie  melting-point  is  often  below  that  of  the  constituent 
metals.    Alloys  of  mercury  called  amalgams. 


Metals  of  the  alkalies. 


Symbol. 

At.  weight. 

Sp.  gr. 

Potassium  . 

.  K 

=      39-1  • 

.  0.865 

Sodium 

.  Na 

=      23.  . 

•  0-972 

Lithium  . 

.  L 

7  • 

.  0.593 

Caesium 

.  Cs 

=  133 

Rubidium  . 

.  Rb 

=     85.4  . 

.  1.520 

(Ammonium) 

.  H,N 

=  18 

I.  Group.  Metals  of  the  alkalies.  They  displace  one  atom 
of  H  from  the  H  of  the  hydi-oxyl,  or  the  H  of  the  acids :  hence 
monovalent.  Their  basic  oxides  and  hydroxides  are  very  soluble 
in  water,  and  strongly  alkaline  to  test-paper.  Their  carbonates 
are  also  soluble  and  alkaline. 

I.  Potassium  or  Kalium  K  =  39 . 1.        =78 .2. 

Discovered  by  Davy  in  1807.  Never  native.  Brillmntly- 
white  metal,  volatile  at  a  red-heat,  with  green  vapor.  Sp.  gr. 
0.865.  Melts  62°, 5  C.  Oxydizes  so  rapidly  that  it  must  be 
kept  imder  naphtha,  or  hermetically  sealed  Decomposes  0H„, 
the  H  burning  with  rose-colored  flame  in  air,  and  dissolves  as 
hydroxide  KOH.  Absorbs  CO,  and  yields  potassium  rhodizonate 
C504H„(OK)„,OH.,.  Frcp.  1.  By  electrolysis  of  moist  KOH  : 
Kj  at  the  zincode."  2.  By  strongly  heating  CO(OK)j  with  C, 
-  3C0-f  K„.  3.  By  heating  KOH  to  whiteness  wnth  iron- 
filings.  4KOH  -1-  3Fe  =  Fe.O^  +  2H.  +  2K„.  Only  one  basic 
oxide.  Three  oxides.  K„0.  K,0„.  K^O^.  1.  Potassoxide  K.,0 
=  94.2.   White,  deliquescent  caustic.   Fuses  at  red-heat.  By 
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oxydizin"-  K„  in  dry  air.    Contained  as  silicate  in  felspar,  mica. 
&c     With  water:   Hydroxide  HOK  =  5 i •    Hard,  greyish- 
white,  deliquescent  solid.    Sp.  gr.  2.2.    Fuses  without  cliange 
of  composition,  but  volatile  at  a  white-beat.    Very  soluble  in 
water,  and  heats  greatly:   from  which  in  acute  rhomboids 
HOK,  20H„.     Rose-color  to  ilame.     Nest  to  caesium  and 
rubidium  hydroxides,  potassium  hydroxide  the  mnst  powertul 
base.    Precipitates  nearly  all  metallic  liydi  oxides  from  their  solu- 
tions.   Thus :  Cl.,Ba  +  2HOK  =  2CIK  +  Ba(OH),.  NO,OAg 
-f  HOK  =  NOoOK  +  IIOAg.     Cl„Fe„  +  6H0K  =  6C1K  -f 
Fe,(OH)s.    Liquor  potassx  of  Pharmacy  contams  about  d  per 
ceiit.  of  HOK.    Prep.    From  dissolved  CO(OK)„  in  about  10 
parts  of  water,  adding  calcium  hydroxide  (OH)„Ca  boiling,  de- 
cantin'^',  evaporating  and  fusing  in  silver  or  w  ought  iron. 
CO(OK).,  +  (0H)2Ca  =  COCOjCa)  +  2HOK.  HOK  is  soluble  in 
alcohol ;  'carbonate  not,  and  they  are  thus  separated.  [  Potassium 
TETROxiDE  KoO^.    Chrome-yellow  powder,  formed  in  heating 
K„  in  dry  air  or  oxygen.    In  water  gives  oif  0„,  and  furnishes 
solution  nf  the  peroxide  K^O,.]    Sulphides :  5  sulphides.  SKo. 
S,K„.  SjKo.  SjKo.  S5K2.    Potassium  sulphide  SK,.  Duubtful. 
Mixed   with  charcoal',  pyrophoric.     SO^COK),  -f  4C  =  4CO 
-I-  SK„.    Potassium  sulph-hydrate  HSK,  by  passing  SH„  into 
HOK  '=  0H„  -f  HSK.  2HSK  into  S„K„  +  OH,  by  0  of  air :  then 
yellow.     Potassium  trisulphide  S3K2,  by  passing  vapor  of 
CS„  over  heated  COCOK)^.    Thus  :  jCSo  +  2[CO(OK)2]  =  4CO 
+  'C0„  +  2S3K2.    Also  contained  in  liver  of  sulphur.  Potas- 
sium tetrasulpuide  S4K2,  by  reduction  of  S02(0K)„  in  CSo 
vapor.    Pentasulphide  S'jKj  is  sulphate,  in  which  S4  substi- 
tutes O^.    By  fusing  any  sulphide  with  S.    Bepar  sulphiiris  is 
a  mixture  of  higher  sulphides  with  sulphate  and  thiosulphate  of 
potassium.  Again:  6H0K  +  GS^  =  iOU^  +  2S,K„  +  QfiiOYi).. 
Sulphate  S02(0K),  in  hard  6-sided  prisms,  teimmated  in  6- 
sided  pyramids.  Soluble  in  i6ofOH2.  Decrepitates  when  heated. 
Hydroxyl  sulphate  S0„0H0K  in  flaftened  rhomboidal  prisms, 
soluble  in  2  of  water.  The  residuum  in  the  manul'acturcof  NOjOll 
from  NOoOK  by  S02(OH)2  =  NOjOH  +  SO2OHOK.— Potassium 
carbonate  C0(OK)2  ;  the  peaiinsh  of  commerce,  obtained  by  in- 
cinerating plants,  as  a  white,  granular,  deliqui  scent  salt;  when  re- 
crvstallized  is  C0( 0K)„ 2OH2.  Hydroxyl  caubonate  C0(0H)(0K) 
in' right  rhombic  prisms,  soluble  in  4  of  water.    By  solution  in 
hot  water  into  sesqui-carbonate  2[C0(  OK)2l,CO(01i)2  :  by  heat 
info  carbonate.  —  Ortho-silicate  Si(OK),,.  Meta-silicatic 
Si0(0K)2.    See  Glass.— Nitiuth  NO.^OK,  nitre  or  saltpetre.  lu 
6-sided  striated  prisms,  with  dihedral  summits.    Soluble  in  3^ 
of  cold  and  ,'j  of  boiling  water.    Cooling,  saline  taste.  Insoluble 
in  alcohol.    Fus(!S  at  539°  0.  :  sal  jjrundle.    By  continued  heat, 
into  POTASSIUM  nitkite  NOOK;  iinally  into  O^K^  and  OK^, 
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with  evolution  of  O,  N.  NO,  &c. ;  HOK  now  prepared  from  pure 
nitre  by  heating  to  redness  (jne  pait  of  NO„OK,  with  two  |iarts  of 
cojjper  foil,  and  solutiun  in  watei'.  Gunpowder  a  mixture  of 
74. B  parts  of  nitre,  ri  .9  of  sulphur,  and  j  5.3  parts  of  charcoal. 
In  detonation  :  4N0,0K  +  S.,  +  6C  =  6C0„  +  2N2  +  2SK,.  In 
theresidue,chiefly  Sa.(0K),,  +  C0(OK)„;  in  fact,  like  all  changes, 
not  80  simple  as  they  look.  Chloh.M'E  ClO^OK,  rhomboidal 
scales  of  pearly  lustre,  soluble  in  16  of  cold  and  2  of  boiling 
water.  Melts  at  400°  C  ,  and  at  higher  temfjerature  :  into 
PKHCHLOKATE,  chloride  and  0„,  and  the  perchlorate  into  chloride 
and  O2.  Thus:  zClO^OK  =  CIK  +  CIU3OK  +  Oj.  Then 
CIO3OK  =  CIK  +  2O,.  By  SO^H, :  2S04Et;  +  5CIO.OK 
=  0H„  +  2S0,HK  +  CIO3OK  +  2CIO;.  Pi-ep.  By  passing' Cl^ 
in  excess  into  a  thin  paste  of  caleium  hydroxide  and  potassium 
chloride,  and  separating  the  salts  by  crvstallizatiou.  2 CIK 
+  Ci.,04(0„Ca  i  =  UlXa  +  2CIO2OK.  Also  :  3CI2  +  6H0K  = 
5CIK  +  Clb.^OK  +  3OH2.  Perchlorate  CIO3OK,  in  needles, 
requiring  6  parts  of  water.  Chloride  CIK  in  cube.s  volatile  at 
high  temperatures.  Soluble  in  3  parts  of  water.  Twenty-five 
per  cent,  of  kelp.  Bromide  BrK,  also  in  cubes.  Used  in  medi- 
cine and  in  making  Bromine.  2BrK  -f  MnO,  -|-3S0„(0H)„ 
=  2S0,,0H0K  +  SOo'  "jMn  +  2011,  -f  Br,.  Iod"ide  IK" cubes", 
very  soluble  in  water,  less  in  alcoliol.  Does  not  brown  with 
CIH  (alisence  of  iudate).  Fluoride  FK,  in  deliquescent  cubes, 
t  yanide  CNK  in  deliquescent  cubes.  Insoluble  salts.  Potas- 
sium PLATiNic  CHLORIDE  2ClK,Cl4Pt,  a  yeliow  salt,  insoluble  in 
mixed  alcohol  and  ether.  100  parts  contain  15  .98  parts  of  K, 
or  19.26  parts  calculated  as  OKj.  Silico-flloride  2FK,FjSi. 
Used  in  making  SiY^. 

The  spectrum  of  potassium  ilanies  is  distinguished  by  the 
presence  of  two  bright  lines  ;  one  in  the  red  and  another  in  the 
violet. 

II.  Sodium  or  Natrium  Na  =23.    Na^  =  46. 

A  beautiful  reddish-tinted  metal,  crystalline.  Sp.  gr.  0.972. 
Fuses  at  97°. 6  C.  Volatile.  Burns  with  yellow  flame.  Decom- 
]ioses  water.    Na,  -t-  2OH2  =  2H0Na.    Must  be  kept  in 

hermetically-sealed  tubes,  or  under  naphtha.  Prep,  of  Na. 
CO  ONa)^  +  2C  =  3CO  -f-  Naj.  Two  oxides  :  only  one  basic. 
ONaj  and  OoNa^ ;  tlie  latter,  or  peroxide  by  burning  Nn,  in  0„. 
Sodum  oxide  ONaj  =  62.  Kesembles  OK,.  By  water  into 
hydroxide  HONa.  White,  fusible,  deliquescent  solid.  Prep. 
from  carbonate:  COCONa)^  +  {OYi\Ciy  =  COO„Ca  -f  2 HONa. 
[Sodium  sulphides.  SNa„.  S„Na„.  S,,Na,.  S^Na,.  S,Na,.] 
Sodium  salts  soluble  in  water.  Sodium  chloride  ClNa.  "  Coni- 
nion  salt,  '  the  commonest  salt  of  sodium.  Cubes,  soluble  in  ih 
])i;Tts  of  water  at  15°. 5  C.    Fuses  at  red-heat,  and  volatilizes. 
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Antiseptic.  Source  of  CIH.  ClNa  +  SO,(OH),  =  SO,OH(ONa)., 
+  ClH  p.  r8.    Theu,  bv  greater  heat:  ClNa  +  SO^OHCONa) 
=  SO.,(ONa)o  +  CIH.   Bkomide  BrNa,  iu  sea-water.  Iodide 
in  sea-water 'and  in  kelp.    In  cubes.    Source  of  iodine  (p.  21). 
2lNa  -t-  MnOo  4-  3S0„(0H)„  =  2[(S0..0H(0Na))]  -t-  SO.,0,Mn 
-f  2OH., -flo'  SuLPUATE  SO^Nao.ioOH.^    In  4-sidecl  prisms 
soluble 'in  2"  of  water.    Effloresces  and  loses  all  its  water. 
Aperient:  "Glauber's  salt."  Hydkoxyl sulphate  SO^OHCONa). 
VeiT  acid  ;  non-d  eliquescent.    By  heat:  a.  2S020H(ONa)  = 
0H„ -HS0.(0Na)„,S03;  then,  h.  SO„(ONa)2,S03  =  SO^Na^ -|- 
SO3.'  Sulphite  SC)(ONa)„,  toOH^.   Oblique,  efflorescent  prisms, 
soluble  in  4  of  water.    Thfosulphate  SSO(ONa)2,50H2  is 
the  sodium  liyposulphite  of  commerce.    Used  in  photography. 
Sodium  carbonate  CO(OKa)„,  or  loOH,  or  NajCOajioOH^,  m 
oblique  rhombic  prisms,  soluble  in  2  of  water.  Effloresces, 
fusible.    Prep.  a.  Of  "  salt  cake  "  :  2ClNa  +  SO.COH)^  =  2CIH 
-1- SO.(ONa),.    b.  of  "black-ash,'"  or  "hall-soda."  S0./0Na)2 
+  4C'=  4C0-I-  SNa„.  sSNa,  -|-  7[C0(0,Ca)]  =  5SCa,2GaO  + 
2CO,  -\-  5C0(0Na)„'and  this  carbonate  loses  much  of  its  CO2 
and  becomes  ONa/  at  the  high  temperature.    The  black-ash 
therefore  contains  from  20-27  P^^i"  cent,  of  sodium  oxide:  the 
black-ash  dissolved  in  water,  evaporated  and  crystallized  as 
CO(ONa)2,roOH.,  and  the  mother-liquor  containing  HONa, 
evaporated,  mixed  with  saw-dust,  roasted  in  a  reverberatory 
furnace,  and  residue  is  the  soda-ash  of  commerce.  Re-dis- 
solved and  crystallized  as  CO(ONaX,ioOH2.  Sesqui-carbonate 
2C0(0Na)„,C0(0H)2,20H,  is  "  Trona  salt,"  or  '-Natron,"  found 
native  in"  rhombic  prisms  terminated  by  4-sided  pyramids. 
Sodium  hydroxyl  carbonate  CO(OH)(ONa),  is  "bi  carbonate 
of  soda."    A  white  powder,  soluble  in  ten  parts  of  water.  Its 
solution,  made  in  the  cold,  does  not  precipitate  solution  of 
magnesium  sulphate,  which  distinsjuishes  it  from  the  carbonate 
of  sodium.    Ortho-silicate  Si(6Na)j.    Glass  is  a  mixture  of 
various  silicates,  chiefly  sodium  and  calcium  silicates.  Soiln- 
glass  is  more  brilliant  than  potash-glass,  but  has  a  greenish 
tint.    See  Calcium  for  glass  (p.  46)-   Sodium  di  borate  ONaj, 
2B2O3,  roOHj  is  ''Borax."  Native  in  Thibet;  in  flattened  6-sided 
prisms  witli  tri-hedral  summits.    Soluble  in  12  of  cold,  and  half 
their  weiglit  of  boiling-water.    "Tincal"  in  commerce.  By 
heat  intumesce-s,  loses  its  water  and  melts  into  a  clear  bead.  A 
good  flux,  and  solvent  of  metallic  oxides.    Source  of  boraoio 
acid  B0(0H),0H2.  SoDiuji  nitrate  NOjCONa),  native  in  Atacama, 
Iquique,  &c.    In  obtuse  rhomboids,  soluble  in  2  of  water. 
Somt'what  deliquescent.     85  parts  NO^ONa  yield  as  much 
NO2OII  as  101 -I  parts  of  NOjOK.  Phosphates,   n.  orthophos- 
phates.    Obthophosihate  of  sodium  PO(OH)(ONa),,  i  2OH2,  is 
the  rhombic  phosphate,  or  di-bodium  hyduoxyl  phosphate. 
/ 
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i Oblique-rhombic prismsofsaliTietaste,so]ublein  4of water.  [Solu- 
tion alkaline,  added  to  neuti-al  silver  nitrate,  yellow  precipitate 
of  silver  ortlio-phosphnte  and  free  nitric  acid  :  PO(OH)(ON'a),  + 
jNO^COAg)  =  2N0„(0Na)  4-  NO„OH  +  P0(0Ag)3.]  By  add- 
ing HONa,  we  obtain  OH^  and  tbi-sodium  phosphate  P0(0Na)3, 
I20H„  in  6-sided  prisms.  But,  by  adding  ortho-phosphoric 
acid  'P0(0H)3  to  di-sodiuni  hydrogen  phosphate,  we  obtain 
two   molecules  of:   sodium   di-hydi;oxyl   ortho  -  phosphate 

PO(OH).,0  Na.  SODHJM-AMMONIUil-HYDROXTI.-ORTHOPHOSPHATE 

PO(ONaXONHj)(OH),+OH,  is  "  microcosmic  salt."  Transparent, 
efflorescent  prisms.  Prep.  OIH^N  +  POOH(ONa),  ^  ClNa 
-f  PO(ONa)(OH)(OH4N),40H„.  b.  pyrophosphates. "  Sodium 
PYROPHOSPHATE  P203(0Na)„io6H„.  In  prisms.  By  heating 
POOH(ONa),  to  low  redness,  and  crystallizing  from  water. 
Thus .  2P00H(0NaX  =  0H„  +  P„0,(ONa),.  c.  metaphos- 
phates.  SoDH-M  metaphosphate  PO.,ONa.  Transparent  glass. 
By  igniting  P0(0H)20Na  =  OH,  -f  PO„(ONa).  Or,  by  igniting 
microcosmic  salt.  POONaOH,NQH  =  O'H,  -|-  H3N  +  PO„ONa. 
SoDiuu  PLATiNic  CHLORIDE  2ClNa,Cl4Pt,  iu  striated  yellow 
prisms,  very  soluble  iu  water.  Insoluble  salt.  Di-hydric  pyr- 
ANTIMONATE  OP  SODIUM  Sb„03(OH),(ONa)2,60H.,. 

The  spectrum  of  Sodium  is  distinguished  by  one  fine  bright 
double  line  of  yellow  color,  identical  iu  position  witli  the  dark 
solar  line  called  D. 

[III.  Lithium  L  =  7.    L,  =  14. 

A  white,  lustrous  metal,  fusible  at  180°  C.  Sp.  gr.  0-59. 
The  lightest  solid  known.    From  a  stone.    Very  oxydiz- 

able.  Volatile  at  a  i-ed-heat.  Prep,  from  fused  CLL  by  elec- 
trolysis. One  basic  oxide.  Lithium  oxide  OL,.  Discovered  by 
Arfwedson  in  18 18.  Lithium  hydrate  HOL,  far  less  soluble 
than  HOK  and  HONa.  Fuses  below  red-heat,  and  destroys 
platinum  vessels.  Lithium  salts  in  various  mineral  waters  and 
in  the  ashes  of  plants.  Chloride  C1L,20Ho,  most  deliquescent. 
Purple  color  to  flame.  Very  soluble  in  mixed  alcohol-ether,  in 
which  CIK  and  ClNa  insuluble.  Carbonate  C0(0L)„,  sparingly 
soluble  in  water.  Lithium  sulphate  S02(0L)o,0H._,,  hi  flat 
tables,  very  soluble.  Addition  of  solution  of  barium-hydroxide, 
removes  the  radicle,  and  gives  lithium  hydroxide.  Lithium 
oetho-phosphate  P0(0L)3,  insoluble  in  alkahne  phosphates 
and  iu  alkaline  solutions,  but  very  soluble  in  dilute  acids. 

Sources  of  lithium,  besides  springs,  are  ;  lepidolite  F(LK), 
03AL,2Si02.  Spodumene  or  tbiphane  30(LNa)2,403Al2, 1 5  SiO,. 
Petalitb  30(LNa)„,403Al2,3oSi02.  Pouuded,  and  ignited  with 
twice  their  weight  of  Calcium  oxide.  The  mass  is  first  treated 
with  CIH,  then  mth  SO.,(OH)„,  and  the  SC/OL).  separated  by 
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water  from  the  little  soluble  SO.,(0,Cii).   Solution  of  barium, 
hydroxide  will  chans-e  SO„(OL),  into  :(HOL)  +  80,(0,Ba). 

Bv  the  spectroscope,  traces  of  Lithium  discoverable  by  a 
brilliant  crimson  ban.l,  which  has  a  rolrangibility  between  tliat 
of  the  lines  B  and  C  of  the  solar  spectrum.] 

[IV.  Caesium  Cs  =  133.    Cs,  =  266. 

Discovered  by  Bunsen  and  Kirchoff  in  i8f)0  in  a  spring  at 
Diirkheim.  Miire  electro-positive  than  potassium.  Tlie  name 
from  cxsius,  lavender-blue,  in  allusion  to  the  two  brdliant 
bauds  produced  by  it  in  the  spectrum  of  a  gas-flame.  1  races  ot 
the  chloride  in  the  ash  of  tubacco,  beet-root,  coffee  and  grapes. 
A  rare  mineral  "Pollux,"  from  Elba,  contains  32  per  cent. 
Forms  a  crystalline  amalgam  with  mercury.  Very  oxydizable. 
Two  oxides  :  one  basic.  Caesium  oxide  OCs,,.  Caesium  hydkoxide 
HOCs  very  deliquescent  and  caustic.  Tlie  most  powerlul  base. 
Salts.'  ClCs  in  cubes.  SOXOCs),,  very  soluble.  NO^OCs,  iso- 
morphous  with  NO^OK.  00(003),,  deliquescent.  COOHOCs,  m 
brilliant  prisms.  Caesium  platinio  chlokide  lOlCs.Ol^Pt ;  the 
least  soluble  of  tlie  platiuic  salts.] 

[V.  Kubidium  Rb  =  85.4.    Eb,  =  170.8. 

Discovered  by  Bunsen  and  Kirchoff.  More  electro-positive 
than  potassium.  Brilliant  silver- white  metal  of  sp.  gr.  1.52. 
Melts  at  3 8°. 5  0.  The  name  from  ruhidus,  dark-red,  because 
the  spectrum  of  its  salts  exhibits  a  remarkable  pair  of  red  lines, 
less  refrangible  than  Fraunhofer's  line  A.  Most  oxydizable. 
Like  caesium  it  is  contained  in  certain  springs ;  m  the  ashes  of 
some  plants,  and  in  a  variety  of  Lepidolite.  Two  oxides :  one  basic. 
EuBiDiuM  OXIDE  OEtj.  Hydrate  HORb  is  deliquescent.  OlRb, 
in  cubes;  very  deliquescent.  S02(OEb)2  in  hard,  brilliant 
prisms.  Forms  alums  like  sulphates  of  Kj,  Na^,  Osj  and  CNH,)„. 
Carbonate  C0(0Rb)2,  deliqu(;sceut.  Rubidium  platinic 
CHLORIDE  2Cmb,01,Pt,  only  less  soluble  than  the  respective 
Caesium  compound.] 

Ammonium  (H,N)  =  18.  (?) 

The  salts  of  the  hypothetical  meial  Ammonium  arc  best  con- 
sidered in  this  place,  as  they  closely  resemble  tliose  of  potassium. 
Many  indeed  are  isomorplious  (similar  in  furin,  and  analogous  in 
composition).  So-called  ammonium-amalgam  is  formed  by  addi- 
tion of  a  solution  of  CIH^N  to  amalgam  of  sodium.  Breaks  up 
spontaneously  into  H  and  II3N. 

Ammonium  must  not  be  mistaken  for  nitrogen  hydride,  or 
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aramoniaHjlSr.  p.  8.  H3N  unites  witli  many  metallic  salts.  Thus 
with:  CIA2;,2H3N.  ClXa.GHjN.  Cl^CaBHjX.  SO.,(02Cu),4H3N, 
OH,.  NOoCOAgXjHjN.  When  II3N  and  dry  CO.,  are  brought 
together,  we  obtain  AMMONIUM  carbamate  COXHjCOHjN).  Car- 
BAMic  ACID  CONHjCOH),  has  not  been  isolated.  One  atom  of 
amidogen  H,N  displaces  i  atom  of  OH.  So-called  carbamide 
CO(jSI  Hj),  would  be  formed  by  substituting  NH,  for  OH,  and 
this  iiappeus  when  ammonia  and  carbon-oxychloride  COCI2  are 
bi'ought  together.  Ammonium  sulphamate  SO-.NH^OHjN,  results, 
wlien  SO3  and  2H3N  are  brought  together.  With  acids,  it  is 
different :  we  have  salts  of  ammonium.  Ammonium  hydrogen 
SULPHIDE  SH(H.,N)  is  the  common  test  for  the  metals,  precipi- 
tating in  neutral  solutions,  black  sulphides  of  feiTous,  cobalt  and 
nickel,  white  zinc  sulphide  and  aluminum  hydroxide,  flesh- 
colored  manganous  sulphide,  and  greenish  chromium  hydroxide. 
Prej).  bv  saturating  H3N  with  SH,.  Absorbs  0  and  becomes 
yellow  disulphide  S^^H^N),.  Thus.'  8SH(HjN)  +  sO,  =  4OH, 
+  2[S2(H,N).,]  +  2[S,0(OH,N)2].  Dissolves  as  sulphur  salts 
the  electronegative  sulphides;  with  evolution  of  SHj.  Asi- 
MONiUM  chloride  CIH4N  =  5  3  . 5  =  4  vols.  Or  H3NCIH.  Semi- 
transparent,  tough,  fibrous.  In  cubes,  octahedra  or  fern-shaped. 
Soluble  in  less  than  3  parts  of  water.  Iodide  I(H,N').  Nitrate 
NOjOCH^N).  source  of  N„0  at  250°  C.  and  of  2OH.,.  Striated 
prisms.  Nitrite  NO(OHjN);  by  heat  into  2OH2  and  N,. 
Sulphate  SO.XOH^N)^,  in  prisms,  soluble  in  two  of  cold  water. 
Carbonate  COCOH^N),.  Sesquicarbonate  op  ammonium 
2[C0(0H4N)2],C02.  "Smelling-salts."  Bylossof  ammonium  car- 
bamate COIl2N(OH4N),  into  ammonium  hydrogen  carbonate 
CO(OH)(OH,N)  (two  molecules).  Prep,  by  subliming  am- 
monium chloride  with  calcium  carbonate  :  GClHjN-f  3C0(0.,Ca) 
=  3Cl,Ca  -1-  OH.,  -1-  2H3N  +  sesquicarbonate.  Ammoniuni 
sodium  hydroxyl  phosphate  P0(0H)(0H,N)(0Na),40H„  is  ini- 
crocosmic  salt.  Insoluble  salt.  Ammonium  platinic  chloride 
201HjN,Cl4Pt,  yeUow  powder ;  contaius  7 .62  per  cent,  of  H3N. 


Metals  of  the  alkaline  earths. 

Symbol.         At.  weight.  Sp.  gr. 

Barium  .  .  Ba  =  137  .  .  4.000 
Strontium  .  Sr  =  87.5  .  .  2  540 
Calcium  .    .  Ca      =       40     .  .1.578 

Dynd  metals  which  decompose  water  at  ordinary  temperatures. 
Their  oxides  are  strongly  basic,  alkaline,  soluble  as  hydroxides. 
Carbi mates  insoluble  in  water;  bi-carlxmates  are  soluble.  Most 
of  their  salts  are  insoluble  in  water.  In  solution,  they  can  be 
separated  from  the  alkalies  by  boiling  with  ammonium  carbonate. 
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VI.  Barium  Ba  =  137. 

Dyad  metal  of  silver-white  color.    It  is  malleable,  melts 
below  red-lieat,  and  oxydizes  readily.    Name  from  fiapvs,  heavy. 
From  fused  Cl.,Ba  by  eloetrolysis.    Two  oxides.    BaO  and  BaO^. 
One  basic:  barium  oxide  BaO.    Grey  and  fusible.  Babil'm 
HYDROXIDE  (OH  ,Ba,  crystallizes  with  8OH2  ;  soluble  m  20  of 
cold  and  2  of  bnillng  water.  Solution  strongly  alkaline  :  test  for 
CO       Also  used  for  making  certain  hydroxides  from  their 
sulphates.   Thus  :  SO^COK).,  +  (OH),Ba  =  SO.O^Ba  +  2HOK. 
Very  poisonous:  antidotes,  Sodium  or  Magnesium  sulphate. 
Prep.  a.  by  heating  (NOJ.OoBa  to  redness.     &.  by  boiling 
solution  of  barium  sulphide  with  Cupric  oxide.    6SBa  +  sOH, 
+  hCuO  =  4SCu„  +  S.,0(03Ba)  +  5(OH)2Ba.    Barium  dioxide 
or  peroxide  BaO...    Grey.    Hydrate  BaOj.eOH^.    Used  tor 
making  O^H.,,  p.  7.    Also  a  source  of  Oxygen.    Prep.  BaO 
heated''in  a  stream  of  dry  air  =  BaOj.    Also  by  fusing  ClOjOK 
with  BaO.  CIO.OK  +  iBaO  =  CIK  +  sBaO^.  Dissolve  in  water 
and  BaO„,60H2  separates.    Sulphide  op  barium  BaS.  By 
stron-'ly  heating  SO^Ba  with  charcoal  =  4CO  +  BaS.  Htdrated 
SULPHIDE  BaS,'60H.„  in  colorless  crystals.    Wlien  dissolved  m 
water  :  iBaS  +  2OH2  =  (OH),Ba  +  BaS.SH^.  Barium  sulphide 
used  for  making  soluble  Barium  salts.    Soluble  salts.  Barium 
CHLORIDE  Cl2Ba,20H„,  in  flat  4-sided  tables,  soluble  in  li  parts 
of  water.     Yellowish-green  color  to  flame.    Test  for  soluble 
carbonates,  phosphates,  sulphates,  &c.,  as  these  salts  are  insoluble 
in  water,  but  soluble  in  CIH  except  SO^Ba.    Insoluble  in 
alcohol.  Barium  nitrate  (N02)2(02Ba).  Octahedi-al.  Soluble 
in  8  parts  of  cold  and  3  of  boiling  water.    Less  soluble  in  GlH 
and  in  NOjOH.    Green-fire  is  a  mixture  of  45  parts  of  dry 
nitrate,  with  15  of  S,  10  of  OlOjOK,  2 J  of  lamp-black  and  ij 
of  SjSbj.    Eequires  great  care  in  mixing.    Barium  chlorate 
(C102)202Ba.  Beautiful  green  color  to  flame.   Acetate,  5OH2, 
in  flattened  prisms.    Barium  thiosulphate  S^OCC^BajjOH,,  iu 
small,  brilliant  crystals.    Insoluble  salts.    Barium  suli^hate 
SO,Ba.    Native  as"  "  heavy  spar  "  in  right  rhombic  prisms  and 
ma.-sive.    Sp.  gr.  4.59.    Source  of  Barium  salts  by  ignition 
with  charcoal :  into  sulphide.   Used  for  adulterating  white  lead. 
Insoluble  in  CIH  or  NO.^OH.  Carbonate  oif  baru  m  CO(0,^Ba). 
Native  as  "  Witheritc  "  in  6-sided  prisms,  terminated  by  6-sided 
pyramids.    White  powder,  soluble  as  Cl2Ba  or  (N02)202Ba  in 
the  respective  acids :  COj  evolved.    Baku  m  silicofh  ouide 
F,Ba,F.,Si.    Chromate  CrO,Ba,  yellowish  powder.    Barium  is 
weighed  as  SO^Ba,  containing  65  .66  per  cent,  of  BaO. 

tIic  spectrum  of  l)arium  contains  a  number  of  characteristic 
green  lines,  by  which  it  is  easily  detected. 
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VII.  Strontium  Sr  -  87.5. 

A  dyad  metal  of  yellow  color.  Hp.  gr.  2.54.  Harder  tliaii  lead. 
Decompose.s  cold  water.  The  name  from  Strontian  in  Argjde- 
sliire,  where  Hope  discovered  "  Strontianite,  '  the  carbonate  of 
btrontium.  Prep,  from  fused  chlohide,  Cl2S?r.  Two  oxides,  SrO 
and  SrO.,.  Only  one  batsic ;  Stkontium  oxide  SrO.  White.  From 
(NO.,)2(b.2Sr)  at  a  red-heat.  With  water,  hydroxide  Sr(0H)2. 
It.s  HYDRATE  Sr(0H).j,8aq.  reqnires  50  parts  of  cold  and  24  of 
boiling  water  for  solution.  Strongly  alkaline :  a  test  for  G0„. 
[Stbontidm  peroxide  SrOj.  By  O,  over  heated  Strontium 
oxide.]  Sulphide  SSr.  From  SOjSr  +40  =  4CO  +  SSr.  Salts 
of  strontium:  soluble  in.  water.  Culoride  01,81,6011^.  Deli- 
quescent needles,  very  soluble  in  alcohol  and  thus  separable 
from  CI.,Ba.  Burn.s  with  crimson  flame.  Nitrate  (NOo);0;Sr, 
50H,j,  oclahedra  soluble  in  5  of  water.  ("Eed-tire"  a  mixture 
of  80  parts  of  dry  nitrate,  22  parts  of  S,  20  parts  of  C10._,0K  and 
5  parts  of  lamp-black.  Great  care  required  in  mixing :  no 
pounding  in  mortar.)  Chromate  Cr04Sr.  Silico-fluoride 
FjSr.FjSi.  Insoluble  salts.  Sulphate  of  strontium  SO^Sr, 
native  as  "Celestine"  in  right-rhombic  prisms  of  bluish  hue. 
Often  accompanies  S  in  Sicily.  Carbonate  COO„Sr,  native  as 
Strontianite.  Pho.sphate  POOHOjSr,  white  powder.  Strontium 
estimated  as  SO^Sr,  containing  56.52  per  cent,  of  SrO.  The 
spectrum  is  most  characteristic. 

VIII.  Calcium  Ca  =  40. 

A  dyad  metal,  never  native.  Light-yellow  color.  Sp.  1.578. 
As  hard  as  gold,  malleable  and  ductile.  Tarnishes  slowly  in 
dry  air.  Decomposes  0H„  immediately.  Burns  magnificently 
when  heated  in  O  into  CaO  :  in  01,  into  ChCa.  Prei^ared  from 
fused  mixture  of  2Cl„Ca  with  Cl„Sr,  by  electrolysis.  Also  from 
I,Ca  by  Na^  =  2NaI  -|-  Ca.  Two  oxides  :  CaO  and  CaO,.  One 
basic  oxide  :  Calcium  oxide  CaO  =56.  The  well-];nown  "  Quick- 
lime." White,  caustic,  infusible.  In  oxy-hydrugen  an  intense 
light  :  lime-Uyht.  "With  water  it  combines,  heats  and  slakes : 
into  Calcium  hydroxide  {0K).,C&  or  '•  slaked  lime,''  soluble  in 
700  parts  of  cold  and  1280  parts  of  bnlliug  water.  Alkaline. 
Absorbs  COj  :  a  test.  Absorbs  SH„  as  OH,  and  SCa.  Excess 
of  (OH).,Ca  in  lime-water,  called  "  milk  of  lime.  '  Calcium 
hydroxide  in  mortars,  cements,  &c.  Frrp.  by  heating  calcium 
carbonate  CO(0,Ca)  to  redness:  00(0„Ca)  =  CO,  +  CaO.  [Cal- 
cium peroxide  CaOjjBOH,  is  precii)ilated  by  adding  limc-wator 
to  sodium  peroxide  Na„6._,.]  Calcium  sulphide  SCa.  White, 
insoluble  in  water.    Phosphorescent.     Prep.  SO^Ca  -[-40  = 
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4CO  +  SCa.  Chief  constituent  of  soda-waste.  When  moist, 
absorbs  O,  and  supplies  calcium  tiiiqsulphate,  S,0(0,,Ca). 
Thus  •  'SCa  +  0H„  +  2O.  =  Ca(OH)„  +  S,0(0,Ca).  LCalcu  m 
i-ENTA-suLi-uiDE  S,Ca.  By"  boiling  with  (OH),Ca,  we  obtain 
thiosul|.hate  as  well.  Thus  :  3[(0H),Ca]  +  (.fe,  =jOll,+ 
S  O(O.Ca)  +  2S,Ca.  Calcium  phosphide  FX»„J  By  dislillmg 
R, witiCaO.  7P.  +  i4CaO  =  2[P.,030,Ca,]  +  5P,Ca,.-CALCiUM 
siLiciDE  SiCa„  ill  lead-grey  scales.  By  CIH  into  silicone  or 
CHKYSEON  Si„o',Ho.]  Saltsof  calcium:  soluble  m  water.  Chlo- 
KiDE  CLCa/iOH.,,  in  striated,  deliquescent  prisms.  Satiu-ated 
solution  bods  at  r  79°-5  0.  By  heat  at  150°  C.  into  CLCa,20H„  ; 
porous,  used  for  desiccating  gases.  Found  m  sea-water.  Arti- 
iicially  :  COO.,Ca  +  2CIH  =  OH^  +  CO^  +  CUCa.  Absorbs 
H  N  [BuOMibE  Br.,Ca.  Iodide  I,Ca.]  Oxy-chloriue  CLOCa, 
see  p.  19.  "Chloride  of  lime."  Evolves  CL  m  air.  Made 
from  calcium  hydroxide  by  absorption  of  CL.  According 
to  Kolb,  CljO^HiiCaj  by  solution  in  water  into:  2OH2  +  Glfia 
+  (OH)oCa  -1-  (UCl)..Ca.— Calcium  chlorate  (C10.)202Ca, 
deliquescent.  Nitrate  (NO.,).,0,Ca  in  deliquescent  prisms. 
Calcium  bi-carbonate  COCOjCaj.COCOHjj,  in  Calcareous  waters. 
Deposited  as  COO,Ca  in  so-called  "  stalactites  "  and  "  stalag- 
mites." "  Temporiirdy  hard  "  waters  contain  it :  softened  by 
boiling  or  addition  of"  Calcium  hydroxide ;— Clark's  process. 
SuLPirATE  S0,02Ca,20H2.  Transparent,  flattened  prisms  as 
"Selenite."  Kectangulur  prisms  as  "  Anhydrite  "  SOjCOoCa). 
Massive,  Ibund  as  alabaster.  Soluble  in  400.  Heated  below 
260°  C,  loses  its  water  and  forms  "gypsum"  or  "Plaster  of 
Paris."  Contained  in  all  spring-waters.  Calcium  tetka- 
HYDUOXYL  oktho-phosphate  P20„(0  a)^(02Ca)  is  so-called  " super- 
phosphate "  when  yet  mixed  with  SOjCO^Ca)  in  manure.  Used 
in  making  P,.  Insoluble  calcium  salts.  Calcium  carbonate 
CO(OoCa)"=  CaCOj  --  100.  As  marble,  limestone,  ooli'e,  chalk, 
&c.  In  coral,  shells,  &c.  Dimorphous,  rhomboliedral  m"  Ice- 
laud  spar"  and  in  6-.sided  right  rhoml)ic  prisms  in  "  Aragonite." 
CljCa  +  C0(()N'a)2  =  2ClNa'4-  COO.,Ca.  Calcium  fluoride  F2Ca. 
In  cubes,  octahedra  and  massive  in  "  fluorspar.''  Used  for  orna- 
ments, and  for  making  FH  and  zFH.SiF,  (pp.  23,  25)  Cal- 
cium orthophospliate  P20.,(02Ca)3  in  bone-earth.  Native  as 
Apatite  r2(Ja,;[P2O,,(O2Oi03.]  Is  precipitated  by  phospliates 
Ironi  soluljle  calcium  .salts  with  2OH2.  [Sodium-calcium 
BORATE  [2(iB0,ONa,O2Ca.)3B203,i80H.,],  native  at  Iquique, 
Peru.] 

Calcium  is  precipitated  quantitatively  as  oxalate  G.X)./).,Ga, 
and  weighed  as  carbonate  GOiOfia,),  which  contains  56  per  cent, 
of  CaO. 

The  spectrum  ol'  Ca  is  peculiar,  containing  a  number  of 
distinct  bright  lines. 
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The  Magnesian  Group. 

Symljols.    At.  weight.        Sp.  Gr.  Melting-point. 
Magnesium   .  Mg   =    24     .    .  i .  743 

Zinc    .    .    .  Zu     =    65.2.    .  7.146  .  412° C. 

Cadmium.     .  Cd    =  112     .    .  8.604  .  228°C. 

Glucinum.    .Be     =      9-3.    .  2.100  .  900°  C.(?) 

The  metals  belong  to  the  dyad  group  and  are  volatile  and 
combustible.  Only  ime  oxide.  Their  carbonates  are  soluble  in 
ammonium  carbonate. 


IX.  Magnesium  Mg  =  24. 

A  dyad  metal,  never  native.  Silver-white,  malleable  and 
ductile.  Sp.  nr.  T.743.  Very  slowly  oxydizes  in  damp  air,  to 
magnesia.  Nearly  as  volatile  as  zinc.  Burns  brilliantly  when 
heated  in  0,  in  01,  Ur,  I,  S  vapor,  &c.  Its  combustion  in  air,  a 
substitute  for  sunlight  in  photography.  Unites  directly  with  N. 
Dissolves  in  HCl  evolving  H^.  Precipitates  Zn,  Fe,  Co  and  Ni 
from  solutions  of  their  salts.  With  As  and  Sb  salts,  acidulated, 
Mg  gives  rise  to  HjAs  and  H.,Sb.  Prep,  of  Mg.  From  CUIMg 
+  Na„  =  2ClNa  +  Mg.  Also  from  fused  chloride  by  electrolysis. 
One  oxide :  basic.  Magnesium  oxidb  MgO  =  40.  White,  infu- 
sible, alkaline.  As  hydroxide  (OH).,Mg  requiring  5  r42  parts 
of  water  at  0°  C.  for  solution,  and  over  36,000  parts  at  100  °C. 
Is  precipitated  as  sucli,  from  nil  its  soluble  salts  by  any  of  the 
preceding  liydroxides.  Tlius  :  (OH)„Ca -|- CUMg  =  CUCa -f 
(0H)2Mg.  Prep,  by  hesAmg  magnesia  alba:  then  called  magnesia 
usta.  Sulphide  SMg  sparinirly  .-oluble.  By  S„C  in  vapor  over 
red-hot  MgO -I- C.  Nitride  NjMgj  is  cry.stalline.  Salts  of  mag- 
nesium :  soluble  in  water.  Chloride  CUMg,  white,  deliquescent. 
Used  in  making  Mg.  In  prisms  as  Cl„Mg,60Ho.  Oxy-chloijtde 
MgCl„,MgO,  sets  with  water  like  pi  aster  of  Paris.  Brojiide  Bi^Mg, 
in  sea-water.  Magnesium  Sulphate  S02(0.,Mg),70H.,,  ''Epsom 
salt."  Right  rhombic  prisms  soluble  in  3  of  cold  and  i  ^2  of 
boiling  water.  Nauseous  taste.  In  sea  and  other  waters. 
Springs  at  Epsom,  Prep,  from  mother-liquor  of  sea  by  calcium 
hydroxide  and  the  hydroxide  of  magnesium  by  SO„(OH).,  into 
sulphate.  Or,  from  dolomite  by  SO„(OH)„,  and  separation  of 
resulting  sulphates  by  water.  Nitr.\te  (N0„)„0„Mg,6OH3, 
deliquescent  prisms.  Insoluble  salts.  Magnesium  carbonate 
COO.^Mg  =  84.  Native  as  '' magnesitc,''  white,  hard,  amoiplions. 
The  most  abundant  n)agne.siiin  mineral  is  "Dolomite."  a  car- 
bonate of  calcium  and  magnesium  CO(0„Ca),  COCOjMg).  valuable  as 
building-stone  (Houses  of  Parliament).  From  a  solution  in  C0._,  as 
CO(0._,Mg),  3OH2.  Magnesia  alba  of  Pharmacy  is  a  basic  carbonate, 
a  varying  mixture  of  the  carbonate  with  (OH).jMg.  Magnesium 
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hydroxyl  ortho-phosphate  PO(OH)(0„Mg),  7OH,,  in  miTiiito 
needles.  Ammonium  magnesium  orthophosphate  PO(OHjK) 
(0.,Mg)60H._,,  known  as  "  triple  phosphate."  Quite  insoluble  in 
HjN.  By  heat  into :  Magnesium  pyrophosphate  P._,03(02Mg).,, 
(H3N  and  OH.,)  containing  36.21  per  cent,  of  MgO.  Magnesium 
estimated  as  such.  [Silicates  are  very  important  minerals.  MnO 
and  FeO  often  substitute,  in  part,  or  entirely,  MgO  and  CaO. 
Chrysolite  Si(0„Mg),.  Meerschaum  2[SiOO,Mg],  SiO„  40H„. 
Talc  4  [SiOO.,Mg],  SiO._„  4OH,,.  Steatite  or  soapstone  3  [SidO„Mgj, 
SiO.j.  Serpentine  2[Si00„Mg](0H).,Mg,0H„.  Augite  is  magnesium 
and  calcium  silicate,  in  wbicb  Fe  and  Mn  interchange.  Horn- 
blende is  also  a  silicate  of  Mg,  Ca,  Al  and  Fe,  with  FK  and 
F,_,Ca.    Asbestos  is  a  variety  of  hornblende. 

X.  Zinc  Zn  =  65.2. 

A  dyad  metal,  never  native.    Bluish-vphite,  hard  and  lustrous. 
Sp.  gr.  7  . 14.6.    Melts  at  412°  C. ;  boils  at  1040°  C.    It  is  brittle, 
but  between  100°  C.  and  150°  C,  it  is  malleable  and  ductile. 
Oxydizes  very  slowly,  hence  used  for  coating  sheet-iron.  Eeadily 
attacked  by  CI,  Br  and  I.    Dissolved  by  the  acids.    Zn  -|- 
S0„(0H)„20H„  =  SO,0„Zn  +  20H,  +  H,.    Zn  +  2ClH  =  Cl„Zn 
-f  H,.  3Zn-h8NO,OH  =  3[(N02)20,Zn]+40H,-h2NO.  Also 
by  FOTASSiuM  hydkoxidb:  Zu  +  2HOK  =  H^-I-O'K.,,  OZu.  Zinc 
the  electropositive  element  in  most  batteries^  the  wire  attaclied 
to  it  is  tiie  ziueode  or  negative  pole.    Precipitates  most  metals, 
but  is  precipitated  by  all  the  preceding.    Burns  with  luminous 
greenish  light  into  its  one  oxide,  ZnO.  One  basic  oxide ;  Zinc 
oxide  ZnO  =  81.2.    White  amorphous  powder,  insoluble  in 
water.    Canary-yellow  whilst  red-hot.   "Tutty is  impure  ZnO. 
Isomorphous  with  MgO.    Zinc  hydroxide  (OH)„Zn,  is  white, 
gelatinous,  insoluble  in  water,  soluble  in  H3N  and  in  HOk'. 
Zing  sulphide  SZn.    Native  as  Blende,  the  common  ore  of  zinc  : 
in  rhombic  dodecahcdra.  Its  hydrosulphide  OHjjSZn  is  white  and 
insoluble  in  HOK.    Not  precipitated  in  acid  solutions  of  zinc- 
salts  by  SH2,  but  in  neutral  by  SHH,,N.    Metallurgy :  when 
roasted,  SZn,  into  ZnO  -|-  SO, :  then  ZnO  is  reduced  by  charcoal 
2ZnO  -I-  C_:=  GO3  +  2Zn.  Salts  soluble  in  water.  Chlokide  Cl„Zn. 
Wiiitc,  deliquescent,  fusible  at  100°  C.    An  escharotic.  Also 
forms   "  Burnett  s  disinfecting  liquid."     Sulphate  SO„0„Zn 
7OH2,  in  colorless  4-siiicd  prisms ; '  ctHorescent.   "  White  vitriol.'' 
Soluble  in  2^  parts  of  cold  water.    Used  in  medicine  and  by 
calico-printers.  Insoluble  salts.  Zinc  carbonate  COO.,Zn,  native  as 
Calamine  the  best  ore  of  zinc.  White,  when  pure.  "  Metallurgy 
By  roasting  =  ZnO  +  CO,.    Then  the  oxide  reduced  by  char- 
coal, and  distilled.    Precipitated  as  a  basic  carbonate  3COO  Zn 
5[(OH)2Zn],OH,.    Silicate  Si(0,Zn,),OH,    is  also  a  mineral 
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called  electric  calamine.  Zinc  is  best  weighed  as  ZaO ;  lOo  parts 
contain  bo .  24  of  Zinc.  ^ 

ICL.  Cadmium  Cd  =  112. 

A  dyad  metal,  never  native.  Tin-white,  malleable  and  duc- 
tile. Melts  at  228° 0;  boils  nt  860° C.  Sp.  gr.  8.6.  More 
volatile  than  zinc,  the  ores  of  which  it  accompanies.  Tarnishes 
but  little  in  air.  Bums  when  stronglj'  heated  in  au-,  depositing 
brownish  fumes  of  the  oxide.  Readily  dissolved  by  ClH,  by 
SO,(Ori)2,20H2  and  by  NO^OH.  Only  one  oxide  :  basic.  Cad- 
mium OXIDE  CdO'  =  1 28.  Brown.  Hydroxide  (0H)2Cd  is  white, 
insoluble  in  HOK,  soluble  in  I-I3N.  Cadmium  sulphide  SCd, 
yellow.  Native  as  "  Greenockite,"  in  6-sided  prisms.  Its 
HYDRATE  (OH;)„SCd,  yellow,  is  precipitated  by  SH„  from  solutions 
of  cadmium  salts,  and  may  thus  be  separated  from  zinc-salts.  The 
metal  Cd,  obtained  by  roasting  SCd,  and  reducing  the  CdO  with 
charcoal.  In  Zine-ores  containing  Cadmium,  the  latter,  being 
more  volatile,  may  be  received  apart  as  long  as  brown  fumes  are 
deposited.  Soluble  salts.  Chloride  CLCd, 2 OH.,  4-sided  prisms. 
Iodide  ]fid,  in  pearly  scales.  Nitrate  (N0„)o0.2Cd.  Sulphatu 
S0,0,Cd,40H,  very  soluble.  Insoluble  salts.  Carbonate  of  cad- 
mium, COOoCd,  white,  and  insoluble  in  ammonium  carbonate  : 
thu.s  separated  from  zinc  a.s  carbonate.  Estimated  as  oxide  CdO, 
which  contains  87.5  per  cent,  of  metal. 

[XII.  Glucinum  or  Beryllium  Be  =  9.3. 

A  dyad  metal,  never  native.  White,  lustrous,  malleabk  and 
ductile.  Sp.  gr.  2  .  r.  Fusible  at  900°  C.  ?  Does  not  decompose 
water.  ClH  and  SO„(OH)„,20H2,  dissolve  it  as  chloride  and 
sulphate  :  H,  evolved.  "N0.,6H  only  a  feeble  action.  Prep,  from 
CUBe  +  Na„'=  2ClNa  +  Be.  Only  one  oxide  :  basic.  Beryllium 
oxide  BeO=  25 . 5.  White,  insoluble  iu  water.  Hydroxide(OH);Be, 
gelatinous,  white,  and  soluljle  in  ammonium  carbonate,  and 
so,  easily  separated  from  aluminum  hydi-oxide.  Absorbs  C0» 
from  the  air,  and  displaces  H3N  fi-om  its  salts.  Glucinum 
aluminate  Al.,03,BeO  occurs  native  in  the  gem  "  c/rn/so-^t^r///." 
Soluble  salts. "  Sweet :  hence  yXvKvs  sweet.  Gluclndm  chloride 
Cl..Be,  sublimes  in  white  needles.  Crystallizes  CLBe,40H„. 
SuLPH.vi'E  S0.,0,Be,40H„,  in  octahedia.  No  alum.  SO„(OK)j, 
SO..O.,Be,:aq.  Insoluble  "salts.  Ortho-silicate  Si(OjBo,,),  native 
as  "P/icju(fa7,('.  The  "  emerald"  or  "beryl"  (sometimes  so  clear 
as  to  liave  been  used  in  BriJUni,  spectacles)  is  double  silicate  of 
aluminum  and  beryllium  5BeO,Al.,03,6SiO„.  After  removal  of 
the  SiO.,.  as  F^Si,  by  treatment  with  F.,Ca  and  SOJl.)  t'lc  rc- 
Bultiug  sulphates  can  be  easily,  in  part,  separated  by  ammonium 
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sulphate  which  forms  an  "akira  "  with  the  aluminum.  Au  rcste, 
beryl-hydroxide  is  soluble  in  ammonium  carbonate.  Estimated 
as  beryilium  oxide  BeO.] 


Metals  of  the  earths. 


Symbol. 

At.  weight. 

Aluminum 

,    .  Al 

=  27, 

Yttrium  . 

,  Y 

=  92. 

,00 

Erbium 

.    .  E 

=  168. 

,90 

Lanthanum  . 

.  La 

=  139. 

.00 

Didymium 

,    .  D 

=  144' 

■75 

Cerium 

.    .  Ce 

=  138, 

,00 

These  are  triads,  or  pseudo-triads.  Their  oxides  are  of  an  eartliy 
character,  and  have  the  most  powerful  affinity  for  oxygen. 
They  are  precipitated  as  hydroxides  by  ammonium  sulphide. 

Xin.  Aluminum  Al  =  27.5. 

Tetrad  in  aluminum  ethide  (CoHOiAl ;  as  pseudo-triad  in 
chloride  (CI3A])..  Never  native.  Discovered  by  Woehler  in 
1827.  White  metal  with  bluish  tint,  malleable,  ductile.  Sp.  gr. 
2.6.  Fuses  at  about  450° C.  Burns  with  bluish-white  light  in 
oxygen.  Inalterable  in  air :  used  for  weights.  Not  attacked 
by  NO,OH;  easily  by  CIH.  6C1H  -h  Al,  =  3H2  -|-  C1„AL,.  Dis- 
solved by  potassium  hydroxide.  Alloys.  Aluminum  bronze  CugAl. 
Prep,  of  Al.  «.  by  electrolysis  of  fused  2ClNa,CleAL,.  b.  2ClNa, 
Cl,.Al2  +  3Na,  =  8ClNa  +  2AI.  c.  from  Cryolite  with  sodium  : 
6F'Na,F5Al„  +  jNaj  =  i2FNa  +  Alj.  Only  one  ojcide  :  basic. 
Aluminum  'oxide  O3AI2  =  AI2O3  =103.  Native  as  "  corim- 
dum  "  in  6-sided  prisms;  emery  is  poimded  corundum.  "  Sap- 
phire "  and  "ruby"  are  tinted  AI2O3.  Pure  aluminum  oxide 
is  white,  and  fusible  in  oxy-hydrogen.  After  strong  ignition, 
insoluble  in  acids.  United  with  various  bases  to  aluminates. 
Chryso-beryl  Al203,BeO.  Spinelle  ruby  is  AUOj.MgO.  Gah- 
nite  Al„03,ZnO.  Sodium  aluiiiinate  (ONa2)3Al203  is  made 
from  Bauxite,  a  hydrated  aluminum  ferric-oxide.  Aluminum 
hydroxide  (0H)|.Al2,  yellowish,  translucent  mass.  "Diaspore" 
is  a  natiu-al  hydroxide  (0H)„02AL,  or  OH„,Al203.  Soluble  in 
HOK  ;  insoluble  in  H3N.  The  basis  of  "  clay."  Sulphide  S^Al, : 
by  burniiig  Al  in  the  vapor  of  sulphur.  Salts  soluble  in  water. 
Aluminum  chlokide  CI15AI2  =  268.  Crystalline,  translucent ; 
sublimes  at  a  dull  red-heat.  Deliquescent.  ClgAL,!  2OH2  in 
6-sided  pri.sms.  AI2O3  +  3G  +  iCl^  —  3CO  +  Clr.Alj.  Alu- 
mini:m  sui.puate  (S0.,)3(02)3Al2,i80H2  in  thin  scales,  soluble 
in  two  parts  of  water.    Prepared  by  decomposing ,  clay  with 
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SOjCOH)^.  Potassium  alum  (S04)4Z2Al2240H2,  in  octahedra 
and  in  cubes,  soluble  in  i8  of  cold  and  2  of  boiling  water.  Loses 
10  of  OH2  at  100°  C,  and  other  10OH2  at  120°,  and  the  rest  at 
200°  C.  :  alumen  ustum.  Ammonium  alum  containing  (NH^),  in 
place  of  K,,  is  prepared-  from  the  H3N  of  gas-works,  mixed 
with  acid  aluminum  sulphate.  All  true  monad  metals  may  sub- 
stitute K„.  Tlius  Na^,  Cs„  Eb^,  L^,  TU,  Ag,.  IsomorpliouB 
salts,  e.g.  "[(S0J,Na,Al„240H,.]  [(S0,),(NHJ2,A1„,240H,.] 
[(,SO,)4L,Al2,240H2.] 

Insoluble  salts.  Aluminum  fluoride  FoAl^.  As  "  Cryolite,  m 
Greenland.  3FNa,  F^Al^.  Contains  13  per  cent,  of  aluminum. 
Ortho-pliosphate  POCOsAl).  The  "  turquoise  "  is  a  bydnited 
phosphate  P,03,2Al203,50H2.  Clay  is  a  hydrated  aluminum 
silicate  2SiO„',AU03,20H2.  Felspars.  "Orthoclase"  or  "adu- 
laria"  is  potassium  felspar.  Si04AlK,2Si02  or  6Si02,AL03,K,0. 
"  Albite  "  is  sodium  felspar,  and  "  Labradorite"  calcium  felspar. 
"  Pumice  "  is  altered  felspar.  "  Obsidian  "  is  fused  pumice. 
"  Granite  "  is  a  mixture  of  quartz,  felspar  and  mica — the  latter 
consisting  of  magnesium  and  aluminum  silicate.  "Syenite" 
contains  Hornblende  instead  of  mica.  "Garnets"  are  basic 
double  silicates  of  calcium  and  aluminum.  Glass  is  a  mixture 
of  various  insoluble  silicates  with  excess  of  silica.  Bohemian 
glass  is  SiO,(OK)„,SiO(02Ca),4SiOo.  [K,0,3SiO„,CaO,5SiO„.] 
Crown-glass  SiO(Ok)„SiO(()2Ca),2Si02.  Flintglass.  SiOCOK),, 
SiO(02Pb)4Si02.  In  this  glass,  lead  replaces  calcium.  Bottle- 
glass  contains  aluminum  and  iron  silicates,  besides  calcium 
and  potassium  silicates.  It  contains  more  basyl  than  the 
other  varieties.  [See  MUler's '  Inorganic  Chemisby,'  revised  by 
McLeod,  p.  420.] 

[XIV.  Yttrium  Y  =  92. 

Is  a  triad  metal,  never  native.  Burns  brilliantly  in  Go.  The 
name,  from  Ytterby  in  Sweden,  where  "  Gadolinite,"  a  silicate  of 
yttrium,  glucinum,  cerium  and  iron,  is  met  with.  Prep,  from  the 
chloride,  by  sodium.  One  basic  oxide:  Yttria  Y2O3,  nearly  white 
powder,  of  sp.  gr.  4.842.  Salts  colorless.  Sulphate  (80^)31.2, 
SOHo.  Colorless  solution  which  does  not  exhibit  an  absorption 
spectrum.] 

[XV.  Erbium  E  =  168.9. 

The  metal  probably  a  triad.  Not  isolated.  One  basic  oxide. 
Erbium  oxide  B^O^.  Faint  rose-red  color.  Infusible,  but  glows 
with  intense  green  light,  exhibiting  in  spectroscope  a  continuous 
spectrum  intersected  by  a  number  of  bright  bands.  Sulphate 
(SOJaEj,  8OH3,  in  rose-colored  crystals.] 
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[XVI.  Lanthanum  I^a  =  139. 

Discovered  by  Mosander  in  1841  "liiddeu,"  Aavedvw  I  lie  liid, 
in  Cerium.  A  triad  metal  never  native.  Only  one  basic  oxide. 
La.,03,  butt-colored.  Hydroxide  (0H)3La.  Chloride  LaClj. 
Sulphate  (SO^)3La2.  Salts  colorless,  precipitated  by  soluble 
oxalates.    No  absorption  spectrum.] 

[XVII.  Didymium  D  =  144.75. 

A  triad  metal,  so  named  because  of  its  close  association  (from 
S'lSv/xos  twin)  with  Lanthanum.  Discovered  by  Mosander.  One 
basic  oxide  :  Didymium  oxide  D2O3.  White.  Peroxide  DOj, 
brown.  Salts  rose-colored.  Sulphate  ('S04)3D2,80H2,  isonior- 
phous  with  erbium  and  yttrium  sulphates.  Salts  exhibit  a 
well-marked  absorption-spectrum,  containing  two  black  lines 
inclosing  a  very  bright  space.] 

[XVIII.  Cerium  Ce  =  138. 

A  triad  metal  never  native.  Discovered  by  Klaproth  in  1803. 
The  metal  little  known.  Forms  two  basic  oxides.  Cerous  oxide 
CcoOj  and  Ceric  oxide  CeOa.  Cerous  oxide  Ce^Oj,  greyish-blue 
powder,  easily  changed  into  CeO,  by  ak.  Salts  colorless. 
Oxalate  used  in  medicine.  Ceric  oxide  CeOj  is  formed  when 
Ce,03  or  (0H)3Ce  are  ignited  in  an  open  crucible.  Yellowish- 
white  ;  orange-red  whilst  red-hot.  Hydroxide  3(0H2),2Ce02 
is  of  bright-yeUow  color.  Salts  yellow,  and  brown-red.  No 
ceric  cliloride,  as  CeOj  behaves  like  MnO^  towards  CIH,  yielding 
CeCl,.] 


Metals  more  or  less  allied  to  iron. 


Symbol. 

At.  weight. 

Sp. 

gr. 

Femim 

Fe 

=         56  . 

.  7 

84 

Manganesium 

Mn 

55  • 

.  8 

01 

Chromium 

Cr 

52.2  . 

•  7 

81 

Cobalt . 

.  Co 

=       58.8  . 

.  8 

95 

Nickel  .  . 

.  Ni 

=       58.8  . 

.  8 

28 

Uranium  . 

.  U 

=  120 

.  18 

.40 

This  group  includes  the  magnetic  metals,  as  well  as  the  dia- 
magnetic  Uranium.  They  decompose  water  at  a  red-heat.  SH^ 
in  acid  solutions,  does  not  precipitate  salts  of  these  basyls. 

XIX.  Ferrum  Fe  =  56. 

Very  rarely  native,  except  in  meteorites,  and  in  mica-slate  at 
Canaan  in  Connecticut.    Almost  silver-white:  of  sp.  gr.  7.844. 
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Tlie  most  tenacious  of  metals,  also  the  most  magnetic.  Un- 
changed in  diy  air,  and  in  pm-e  water  free  from  O  and  CO,. 
Eusts  in  damp  au\  Burns  when  heated  in  O  into  magnetic 
oxide.  Dilute  sulphuric  acid  and  hydrogen  chloride  dissolve  it 
freely.  Thus  :  S0J-I„,20Ho  +  Fe  =  SO^Fe  +  2011,  +  H„.  2CIH 
+  Fe  =  CloFe  +  H„.'  Strong  nitric  acid  rendci-s  it  pas.sive; 
dilute,  dissolves  Fe'as  (NO,),0„Fe.  Fe  decomposes  steam  at  a 
red-heat:  Fcj  +  4OH2  =  4li2  +  FejOj.  "  Meteorites  "  contain 
in  addition  to  iron,  "nickel  and  cohalt,  together  with  traces 
of  copper,  mangauesium,  chromium,  tin,  magnesium,  carbon, 
sulphiu-  and  phosphorus.  Bar-iron  contains  from  o .  2  to  o .  4  per 
cent,  of  carbon.  ^Yheu  strongly  heated  it  softens,  and  can  be 
"welded"  by  hammering.  Prep,  by  strongly  heating  filings 
of  bar-iron  mixed  with  i  of  pure  Ferric  oxide  :  thus  are  all 
traces  of  C  and  Si  osydized  at  the  expense  of  the  oxide,  and  a 
fusible  slag  formed.  Melts  at  15  30°  C.  Iron  is  dyad,  as  well  as 
pseudo-triad,  or  hexad,  in  its  chief  combinations.  Ores  of  iron. 
Ferroso-ferric  oxide  or  "magnetite"  Fe304,  botli  massive  and  in 
octaliedra.  Gives,  by  reduction  with  charcoal,  the  purest  iron. 
"  Specular  iron-ore  "  FSoOj,  in  rhomboids  from  Elba  and  Formosa. 
"Red  haamatite"  3(OH,,),2Fe.,03,  both  fibrous  and  compact: 
soluble  in  CIH  as  CloFe,.'  When  roasted,  it  loses  its  water  and 
is  easily  reduced  by  coal  or  charcoal.  "Spathic  iron-ore" 
CO(0„Fe),  in  yellowish,  lenticular  crystals,  as  well  as  massive. 
By  roasting  it  oxydizes,  and  loses  CO, ;  resulting  Fe^Os  is  re- 
duced by  fuel.  "Clay  iron-atone"  is  an  impure  ferrous  car- 
bonate, mixed  with  clay,  limestone,  &c. :  it  is  the  chief  ii-on-ore 
of  Great  Britain,  and  is  reduced  in  the  blast-furnace.  Ore 
roasted  :  thus  Fefi^  obtained.  Lime  CaO  is  admixed,  in  order 
to  prevent  the  SiO,  of  the  ore  from  uniting  with  FeO  ;  the  SiO, 
forms  a  fusible  calcium  okthosilicate  SiOjCa,  or  "slag,"  and 
coal  is  added  to  reduce  the  ferric  oxide.  The  "  cast-ii-on "  or 
" pig-iron"  contains  both  carbide  and  silicide.  Three  kinds  of 
cast-iron ;  grey,  mottled  and  white.  In  white  cast-iron,  all  the 
carbon  is  combined.  "  Spiegeleiseu"  contains  about  5  . 08  per  cent, 
of  carbon,  answering  to  CFe^.  It  is  the  most  fusible.  The  mottled 
cast-iron  is  coarse-grained  and  contains  visible  points  of  un- 
combiued  carbon  or  graphite.  The  grey  cast-iron  contains  more 
uncombined  carbon  than  the  mottled  :  it  is  soft  and  more  fusible 
than  the  mottled  :  when  heated,  and  suddenly  cooled,  used  for 
making  chilled  shot.  Cast-iron,  into  wrought.  "Eeflniug:" 
carbon  burnt  out  and  Si  got  rid  of  as  ferrous  silicate  SiCO.Fe),. 
'■  Puddling"  removes  yet  more  C  and  Si.  By  Siemens'  process, 
malleable  iron  direct  from  the  ore,  previously  mixed  with  lime 
and  25  per  cent,  of  small  coal,  heated  in  a  horizontal  rotatory 
furnace  by  means  of  a  regenerative  gas  furnace.  Alloys.  "  Red 
short  iron"  is  tough  at  ordinary  temperatures,  but  brittle  at 
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red-heat.    Contains  S,  As  and  Cu.   "  Cold  short  iron    is  battle 
at  common  tcmperatiires  :  made  from  fmery  cmder  bi  (U,l<  e), 
and  always  contains  Phosphide  of  iron.    Steel  contains  trom 
o  7  to  I  7  per  cent,  of  carbon.    In  the  cementation  process, 
iron  unites  with  i .  5  per  cent,  of  carbon.    In  "  Bessemer  "  steel 
wroii^ht-iron  is  worked  np  with  a  sufTioient  quantity  ot 
"  spiL°^el-eisen  "  to  give  at  once  the  necessary  amount  of  carbon. 
By  means  of  a  blast  of  air  under  pressure  of  1 2  to  25  lbs.  per 
square  inch,  the  melted  pig-iron  has  its  carbon  burnt  into  CO, 
and  when  thus  de-carbonized,  it  is  mixed  with  the  right  propor- 
tion of  spiegel-eisen.    Oxides.    Two  basic  oxides,  besides  an  in- 
termediate one.    I.  Ferrous  oxide  FeO.    2.  Ferric  oxide  Fe.O,. 
I.   Ferrous  oxide  FeO  =  72.     Very  unstable  per  se.  its 
HYDROXIDE  (0H)2Fe  is  white,  unstable,  passing  by  oxydation 
throuo-h  light-green,  bluish-green,  black  and  red-brown,  to 
ferric"  hydi-ate.    2.  Ferric  oxide  FCoOj  =  160.  Ked-brown. 
Red  hasmatite  and  specular  iron-ore  are  varieties.    "  Eouge 
is  ferric  oxide.    Its  hydroxide  3(OH)„2Fe„03  is  red-brown  and 
bulky.     Precipitated,  and .  dried  at  100°  C,  (OH^XFeoOj. 
3.  Ferrous-ferric  oxide  FeO,Fe203  is  black;  hydroxide  also. 
Forms  no  specific  salts.  S  and  Fe.  Ferrods  sulphide  SFe  =  88. 
Eeddish-brown.    Either  by  direct  union  of  the  elements  or  by 
lieatin"-  FeS,  with  Fe.    FeS  is  used  in  making  SH^.    Thus : 
^CIH  +  SFe"  =  SH2  +  CljFe.    Ferrous  salts  are  precipitated  as 
black  hvdrated  sulphide  by  S(H,N)H.    Thus :  Cl„Fe  +  0H„ 
+  S(H,N)H  =  SFe,OH,  -1-  CIH  -1-  CIH4N.    Ferric  diselphide 
FeS„  =  120.    "Iron-pyrites"  or  "Mundic,"  in  cubes  of  brassy 
lustre  or  massive.    Sp.  gr.  4  •  98-    Also  as  "  marcasite  "  in  right 
rhomboidal  prisms.    When  roasted  in  air,  gives  S0„  and  Fe^Oa : 
chief  source  of  SOj  in  making  sulphuric  acid  (p.  15).  Heated 
in    absence    of    air,  yields    Sulphur:    3S.jFe  =  S^Fcj -(- Sj. 
"  Arsenical  pyrites  "  or  mispickel  SAsFe.    Magnetic  sulphide 
S,Fe-,  is  soluble  in  HCl  (S,Fe  not).— PnosPinDE  PFe,  hard  and 
brittle :  in  "  cold  short  iron."    i.  Soluble  ferrous  salts.  Ferrous 
chloride  CljFe  white  and  volatile.    In  crystals  Cl2Fe,40H2, 
green  and  very  soluble^    Ferrous  iodide  l2re,40H2  in  gi'cen 
crystals.  I^  -t-  Fe  =  I^Fe.    Nitrate  (N0,)20„Fe,60H2  in  pale- 
green  rhomboids  ;  very  unstable.  Ferrous  sulphate  SO,Fe,70H2. 
In  rhomboids  of  sea-green  color,  soluble  in  2  of  water.    "  Green 
vitriol"     Its  solution  absorbs  0  and  deposits  basic  EERRfc 
sulphate  S03,2Fe,,03,30H2.     Thus :  2oSO,,Fe  +  5O,  +  bOH^ 
=  6(3S().,Fc2)  -I-  2  of  basic  salt,    Becomes  red-brown  on  ex- 
posure:  hence  coppera.s  or  "  Couperoso."    It  loses  water,  and 
by  further  heat :  2S0,,Fe  =  Fe^Oj  +  SO^  -t-  SO,.    See  p.  14, 
Nordhau.sen  Sulphuric  acid.  A  good  reducing  agent.  See  Gold. 
Ferrous  bi-carbonate  C0(0,.Fe),C02,  in  chalybeate  waters: 
absorbs  0  and  deposits  Ferric  hydrate.    2.  Insoluble  ferrous 
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salts:  Ferroixs  carbonate  COCOoFe)^  1 16.  White.  "Spathic  iron- 
ore."  Precipitated  as  greenish  ]}ydrated  carbonate  by  soluble 
ftirbonates.  Ferrous  hydrogen  ortho-phosphate  POCOHXOjFe), 
white :  becomes  blue.  Ferrous  ortho-silicate  Si(0,Fe)J,  is 
■'  finery  slag."  Ferric  salts.  Soluble.  Ferric  chloride  Cl„Fe2 
=  325,  in  brown  scales.  Cl,;Fe.,,60H2  in  red,  deliquescent 
crystals.  Reduced  by  SH^.  Cl^Fe,  +  CIH  -|-  SH.  ^  2(CLFe) 
+  3CIH+S.  Ferric  Iodide  IgFe,.  Ferric  sulphate  (S0j)3Fe„, 
yellowish-white,  deliquescent.  "  Coquimbite "  with  9OH2, 
silky-white  mineral.  Alums,  in  which  Fe.Pj  takes  the  place  o'f 
ALOjin  the  common  alums.  Isnmorphous.'  Thus:  (SOJJv„Fe^ 
24OH2.  Ferric  nitrate  (N03)„Feo,  r  2OH,.  Insoluble  ferrio  salts'. 
Basic  ferric  sulphate  already  mentioned.  Ferric  phosphate 
POOjFe,  20H„,  is  white,  and  insoluble  in  acetic  acid.  "  Vivianite  " 
P0(OHXO2Fe'),:PO(O3Fe),8OH„. 

Ferric  acid  FeO._,(OH)2  is  scarcely  separable,  so  immediately 
does  it  evolve  O,  and  deposit  ferric  hydrate.  Potassium  ferrate 
FeO^(OK),  is  very  soluble  in  water,  to  amethystine  solution. 
Thus  :  (0Pl)„Fe2  +  ^Cl,  +  loKOH  =  6C1K  +  2FeO^K„  +  80H„. 
Iron  is  estimated  as  feluuc  oxide  Fe^Oa,  containing  70  per  cent 
of  the  metal.  A  ferrous,  easily  changed  into  a  ferric  salt  by 
NO,OH.  Thus :  6S0,Fe  +  2NO2OH  +  jSO.H,  =  2NO  +  4OH, 
-1-  3(SO,)3Fe2. 

XX.  Manganesium  Mn  =  55. 

Discovered  by  Gahn  in  1774.  Never  native.  Dyad  and 
tetrad ;  also  a  pseudo-triad  in  manganic  oxide  Md„03.  Greyisli- 
white,  brittle  metal.  Sp.gr.  8. or.  Oxydizes  speedily  in" air ; 
decomposes  water  slowly,  and  must  be  preserved  under  naphtha. 
Its  alloy  with  iron,  harder  and  more  elastic  than  iron.  Prep. 
by  lieating  mangauous  carbonate  to  whiteness,  with  charcoal, 
in  a  smith's  forge.  Oxides.  Two  basic,  two  indifferent  and  two 
acids.  I.  Manganous  oxide  MnO  =  71.  A  powerful  base. 
Olive-green.  Absorbs  0  when  ignited  and  changes  into  brown 
jMujOi.  By  heating  COO.,Mn  in  a  stream  of  H  to  keep  oft"  the 
air  =z  COj  -f-  MnO.  Hydroxide  (OHo)MnO  is  white,  soluble  in 
H3N,  especially  in  presence  of  salts  of  H^N.  Salts.  Pink  or  rose- 
red.  MnO  is  isomor[)hi>u3  witli  MgO,  ZnO,  FeO.  2.  Manganic 
oxide  Mn203  =:  158.  In  acute,  square-based  octahcdra  as 
"Braunite."  Also  as  "manganite"  OHo.MuoOa,  in  brilliant, 
right-rhombic  prisms.  Very  feeble  base.  Isomorphous  with 
F02O3  and  ALOg.  Substitutes  these  bases  in  "  alums."  Gives 
a  violet  color  to  glass,  and  a  red  color  to  the  amethyst. 
3.  Manganous-manganic  oxide  Mn30j  =  MnO,Mn203,  native  in 
"  Hausmannite."  Obtained  by  igniting  MnO,  COCOoMn)  or 
JlUjO^.    Not  basic.    4.  Manganese  dioxide  or  peroxide  MuO^ 
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=  87    The  chief  ore;   "  pyrolusite,"  in  steel-grey,  rhnmbic 
prisms.  "  Vurvioite  "  Mu.,03,2MnO„,OHs.  "  Wad  "  is  a  hyib  ate. 
Much  used  in  the  arts.  "Not  basic.    Ignited,  gives  0.  3MUO2 
=  MujO^  +  O2.  Also  when  heated  with  sulphuric  acid :  iMuOj 
+  2SO,H2  =  2S0.,(0.,Mn)  +  20H„  +  0„.  With  hydrogen  chloride 
gives  CI.  4CIH  ■+  MnO„  =  20H„  +  MnCL,  +  Cl^.  Decomposed 
in  presence  of  SO,H„  by  oxalic  acid  C,0„(0H)2  =  2C0„  +  2OH0 
+  SO.,0,Mn.  Gives  its  own  weight  of  CO^  nearly.   5 .  Manganic 
acidMuO.,(OH)„.  Green,  unstable.  Isomorphous  with  SO./OH),, 
FeO„(OH").„  and'  CrO,(OH)„.  Manganates.  MnO^K,  is  "  mineral 
chamtelion."   Condy''s  disinfectant  is  principally  Mn04Na2.  De- 
composed by  water  into  permanganate,  sodium  hydroxide  and 
manganese  dioxide.     A  little  free  acid,  thus :   4SO4H2  4- 
5MnO,K„  =  40H„  +  jSO^K.  +  iMn^O^K,  +  SO^Mn.    By  sul- 
phurous ilcid :  2SO(OH)2  +  MnO.Kj  =  SO,K.  +  SO.Mn  -|-  lOBo. 
6.  Permanganic  anhydride,  Mu^O-.  Deep-green  unstable  liquid. 
Permanganic  acid  Mn,0,XOH).j,  a  brown  crystalline  mass  best 
known  in  its  salts.  "  Violet '  and   amethystine.  Potassium 
PER5IANGANATE   Mn^OeCOK),  =  3  ( 6 . 2.     In   needles.  Prep. 
3MnO.,(OK),  -1-  2C0„  =]VInO,  -f-  2pO(OKX  +  Mn,0„(0K)2.  Or  : 
2Mn04K„  +  CI„=  2KCl-l-Mn„06(0K)2.  Sulphides.  Manganous 
sulphide  SMn,"  native  as  "  manganese  blende."    As  hydrated 
sulphide  SMn,0H2,  when  a  manganous  salt  is  precipitated  by 
ammonium  sulphide;  flesh-color  but  oxydiziug  and  browning 
on  exposure.    Manganous  salts.    Soluble  in  water.  Chlobide 
Cl„Mn,40H2,  in  tablets  of  pink  hue,  very  deliquescent.    May  be 
piirified  from  ClfiFe,  in  the  residues  of  CI2  manufacture,  by 
boiling  with  CO(0.,Mn)  or  with  SMn,0H2 ;  Mn  takes  the  place 
of  Fe  in  solution.  'Manganods  SDLPHATE'S04Mn,-0H2  in  prisms 
at  5°  0.    Otherwise  with  50H„.    Insoluble  salts.  Manganous 
carbonate  CO(0._,Mn),  native  as    manganese  spar  "  of  pink  hue, 
isomorphous  with  CO(0.,Ca),  CO(0,Fe),  &c.    Precipitated  as : 
2[C0(0.,Mn)],0H„.     Phosphate  P0(0H)02Mn,  white  powder. 
Borate '  BjO.COjMn),   white.      Manganic    salts.  Manganic 
CHLORIDE  CloMn2;  dark-brown.    By  heat  into  2Cl2Mn -f- Clj. 
Manganic  sulphate  (SO,,)3Mn2,  with  SO.1K21  forms  manganic 
ALUM  (SO,,XMiiK2,240H2. 

XXI.  Cobaltum  Co  =  58.8. 

Never  native.  Dyad  in  its  chief  oxide.  Trivalent  in  its 
cobaltic  .salts  which  are  very  unstable.  Discovered  by  Brandt 
in  1733.  Reddish-white,  brittle  metal  fusible  in  wind-furuace. 
Sp.  gr.  8.(j5.  Very  tenacious.  Magnetic.  Slowly  dissolved 
by  CIH  and  dilute  S0,,H2,20H2.  Readily  by  NOjOH.  Prep. 
from  oxalate  by  white  heat.  Arsenide  AS2C0,  is  "  tin-white 
cobalt "  or  "  speiss-cobalt,"  the  best  oic.  Arsenic-sulphide 
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SCoAs,  is  "  Cobalt  glance,"  in  cubes,  dodecahedra,  and  octahedra. 
Oxides:  two  basic,  and  one  intermediate,  i.  Cobaltous  oxide 
CoO  =  74.8.  Greenish-grey.  Strong,  base.  By  roasting,  it 
absorbs  O  and  becomes  C03O4.  Used  as  a  pigment.  Hydroxide 
CoO,OH,,  is  rose-colored,  readily  soluble  in  ammonium  carbonate. 
Salts  blue  or  pink.  "  Zaifre  "  is  an  impure  oxide.  "  Smalt  " 
is  a  glass  colored  blue  by  cobaltous  silicate.  The  ore  is  roasted, 
so  as  to  oxydize  the  cobalt,  but  to  leave  the  associated  Nickel, 
Iron  and  Copper  combined  with  arsenicum  and  sulphur,  as 
arsenides  and  sulphides:  it  is  then  slowly  fused  with  potassium 
carbonate  and  silica.  A  glass  of  potassium  and  cobalt  silicate 
results,  called  "Smalt."  Tlie  so-called  "speiss"  at  the  bottom 
of  the  crucible  consists  mainly  of  sulphiiles  and  arsenides  of 
Ni,  Fe  and  Cu.  2.  Cobaltic  oxide  CO2O3  is  black.  Its  hydroxide 
(0H),iC02  also  black.  Prep,  by  passing  G\„  througli  cobaltous 
hydroxide  suspended  in  solution  of  potassium  hydroxide. 
3[CoO(OH2)]  +  CI2  =  CUCo  +  (OH)„Co2.  By  gentle  heat  into 
CO3OJ.  Very  feeble  base.  Cobaltous  sulphide  SCo  is  black. 
Hydrate  OHjCoS  also  black,  and  precipitated  thus  from  solu- 
tions of  cobaltous  salts  by  SIJ(H4N).  Cobaltous  salts;  soluble. 
Chloride  CLCOjGOH,  in  ruby-red  octahedra..  Nitkate  (NO)20„Co, 
fiOHo,  deliquescent,  red  mass.  Insoluble  salts.  Cobaltous  car- 
bonate 3[CO(0.jCo)],20rL.  Always  precipitated  as  basic 
carbonate.  Cobaltous  arsenate  As205(OCo)3,«OHo  is  "cobalt 
bloom.''  Cobalt  imparts  a  deep  blue  tint  to  borax  fused  on  a  loop 
of  f)latinum  wire. 

Co  is  estimated  in  the  metallic  form,  and  as  COjO^,  corre- 
sponding to  73  .34  per  cent,  of  cobalt. 

XXII.  Nickel  Ni  =58.8. 

Never  native.  Dyad.  Discovered  by  Cronstedt  in  175:. 
Analogous  to,  and  almost  always  associated  with.  Cobalt.  Hard, 
lustrous,  white,  tenacious  metal.  Sp.  gr.  8.8.  Fused  in  wind- 
furnace.  Magnetic,  but  loses  its  property  at  350°  C.  Not 
easily  attacked  by  acids,  except  by  NO„OH.  Prep,  from  xicilel 
OXALATE  CaOjCOoNi)  in  a  wind-furnace  =  2CO0  -t-  Ni.  Nickel 
is  now  deposited  by  electrolysis  upon  articles  of  u'on.  steel, 
copper,  brass,  &c.  The  alloy  of  German  silver  C.UjZnjNi^  im- 
portant. Chief  ores  of  nickel  are :  Nickel  arsenide  As.Ni„  or 
"  Kupfer-nickel."  Nickel  di-arsenide  As.,Ni:  by  heat  in  close 
vessels  into  As  and  AsjNi.^.  Nickel  arsenio-sulpMde  AsNiS  or 
nickel-glance.  "  Speiss,"  obtained  as  a  fu.sed  product,  in  making 
"  smalt "  (see  Cobalt)  is  mainly,  fused  Kupfer-nickcl  as  far  as 
Nickel  is  concerned.  Tlie  separation,  roughly,  of  the  Co  from  the 
Ni,  in  the  chlorides,  is  accomplished  by  CljOCa,  which  converts 
CoO  into  C00O3  and  precipitates  it,  and' then  of  the  Ni  as  (OH)„Ni 
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by  (0]I).,Ca.  The  reduction  of  the  oxido  by  carbon  is  sufficiently 
simple.  "The  separation  is  also  effected  by  converting  Co  into 
potassium  cobalti-cyanide  and  precipitating  nickel  cyanide 
(CN).,Ni  by  CIH.  One  basic  oxide.  Nickel  oxide  NiO  =  74.8. 
Olive-green.  By  igniting  tiie  carbonate  out  of  contact  of  air, 
Hydi-oxide  (OH)„Ni,  bulky  light-green.  Forms  insoluble  com- 
pounds with  HOK,  HONa,  (HOXBa,  (HO).,Sr.  H3N  dissolves 
it  to  a  blue  solution.  Salts  are  green.  Nickel  peroxide  Ni^Oj 
is  black.  Hydrate  (OH)cNi„.  Not  basic.  Thus:  2(0H)2Ni 
+  CL  -I-  2HOK  =  2KCI  +  (0H)„Ni2.  —  Nickel  sulphide  WNi 
=  9o'8,  native  as  "  Millerite."  As  black  hydrated  sulphide 
{OH„)SNi,  from  solutions  of  nickel  salts  by  SHH.N.  Sub- 
sulphide  SNi,.  Bisulphide  SjNi.  Soluble  salts  of  nickel. 
Chlokide  CloNi.gOI-Io  is  green.  Sulphate  SO.,Ni,70H2,  green 
rhombic  prisms,  isomorphous  with  S04Mg,70H2,  S04Zi),70H2, 
SO^MnjOH.,  and  S04Fe,70H„.  Soluble  in  3  parts  of  water. 
Nitrate  (Nb.)„02Ni.  Insoluble  salts.  Carbonate  of  nickel 
3[CO(0„Ni)],20Ho. '  Basic  carbonate  always  precipitated.  Nickel 
cyanide  CjNjNi,  apple-green. 

The  nickel  salts  impart  a  reddish-yellow  color  to  the  borax 
bead. 

Nickel  is  estimated  as  NiO,  containing  78.67  per  cent,  of  Ni. 

XXIII,  Chromium  Cr  =  52.2. 

A  pseudo-triad  metal  in  its  chromic  salts.  Never  native. 
Discovered  by  Vauquelin  in  1797.  Steel-grey.  More  intract- 
able than  Platinum,  Sp,  gr.  6.8r.  Insoluble,  even  in  aqua 
regia.  Prep.  By  strong  ignition  of  Cr„03  with  Charcoal,  in  a 
wind-furnace.  Or,  by  passing  the  vapor  of  sodium  over  red- 
hot  chromium  chloride  :  Glfir^  +  sNa^  =  6ClNa  -|-  Cr^.  Two 
basic  oxides,  and  one  intermediate,  i.  Chromous  oxide  CrO, 
only  known  as  hydroxide  (OH)„Cr,  Brown,  whicli  absorbs  O 
and  becomes  hydrate  of  Chromous-chromic  oxide  CrOjCrjOj.aq, 
Powerful  base  :  forms  chromous  salts  of  pale-blue  color,  which 
absorb  0,  2.  Chromic  oxide,  Cr^Oj  =  152,4,  Green,  iso- 
morphous with  AI2O3,  Mn^Oj,  FCjOg  and  substitutes  AljOj  in 
alums.  Coloring-matter  of  the  emerald,  chlorite,  pyrope,  ser- 
pentine, cScc,  Employed  as  a  green  color  for  porcelain  and 
glass.  As  hydroxide  (OH)„Cr2,4aq.  of  liglit-blue  color. 
Salts  green  and  uncrystallizable ;  violet  and  crystallizable. 
Prep.  By  beating  ammonium  ohromate  CrO.,(NU.,)2-  Or, 
crystalline,  by  heating  potassium  dicliromate,  "  Chrome  iron- 
ore  "  or  Ferrous-chromic  oxide  FeO.CrjO.,,  is  tlie  chief  ore  of 
chromium,  con-espoiiding  to  magnetic  o.xidc  of  iron,  CrjO,, 
displacing  FojOj,  In  octahcdra  and  massive.  3,  Chromic 
anhydride  CrOj,  in  brilliant,  dark-crimson,  deliquescent  prisms. 


60         CHROMIC  ACID.     CUKOMATES.     XXIV.  UEAXIUM. 


Fuses  at  200°  C,  and  looks  blaok.  By  furtlier  heat  into  2(CvO^, 
Ci-oOj)  +  30„  and  then  into  Cr^Oj  and  jO,.  From  F„Cr  + 
3OH2  =  6FH  +  C1O3.  Chromic  acid  CiOoCOH),  in  solution. 
Chromates. — Alkaline  chromates  soluble  in  water.  PoTASsirsi 
DiCHROMATB  Cr02(OK)2,Cr03  in  4-sided  tables  of  red  colour. 
Potassium  chrowate  'CrOjCOK).,  in  yellow  prisms,  isomor- 
phous  with  S0„(0K)2.  Lead  chromate  CrOoCO.Fb)  forma 
"chrome-yellow."'  Dibasic  lead  chromate  CiO„(0„Pb),PbO 
is  almost  scarlet.  Silyer  chromate  CrO.XOAg)^  is  dark-red. 
So  that  the  name,  Chromium,  from  Xpw^a,  color,  is  well- 
deserved.  When  chrome-iron-ore  is  calcined  with  mixed 
C0(0K)2  and  NO^OK,  the  product  when  treated  with  water 
gives  up'potassiuni  chromate,  the  starting-point  of  all  the  pre- 
parations. 4.  Perchromic  acid  Cr„0;,0H2  or  Cr.jOsCOH),. 
Blue  and  unstable.  Formed  by  addition  of  O2H0  to  solution  of 
CrO„(OH)„.  Chromic  sulphide  SjCr,,  black,  shiny  scales.  By 
SjC  "over  i'gnited  Cr^Oj.  Chromic  hydrate  is  precipitated  by 
ammonium  sulphide"  from  solutions  of  chromic  salts,  soluble 
with  green  color  in  HOK.  Chromium  nitride  Cr^'S^,  chocolate- 
brown.  By  heating  Clfir^  in  dry  H3N.  Salts  of  chromic. 
Chromic  chloride  CleCi^,  pale-violet  scales.  Volatile.  Frep. 
iCijO.,  6C  -(-  6CU  =6C0  -I-  iCljCr,.  [Chloro-chromio  acid 
CrOoC'l,,  a  dark-red^  fuming  liquid,  of  sp.  gr.  1.92.  Boils  at 
ri6°"H0.  By  distilling  ClNa  with  CrO„(OK);,Cr03  and 
PO„(OHX.  It  is  chiWic  anhydride  in  which  Cl„  substitutes 
6.  Decomposed  by  2OH,  into  CrO„(OH)„  +  2CIH.  As 
neither  Br  nor  I  forms  a  similar  compound,  it  is  also  a  test  for 
a  chloride.]  Chromic  fluoride  F„Cr„.  Blood-red  liquid.  Chromic 
sulphates.  Insoluble,  red :  (S04)3'Cr„.  Soluble,  green,  uncrys- 
talliziible  (S04)3Cr.„50H2.  Soluble,  violet,  crystallizable 
(S04)3Cr2,i50H„.  P6TASSiUM-CHROME-ALrM(SO04KX'r„,24OH,. 
Amethystine.  Chromic  kitrate  (N03)oCr..  Green.  Chromium 
oxide  'imparts  deep-green  color  to  fused  borax.  It  is  esti- 
mated as  Cr^Oa  which  contains  68.63  per  cent,  of  Chromium. 

[XXIV.  Uranium  U  =  120. 

Never  native.  Discovered  by  Klaproth  in  "  Pitchblende," 
which  consists  mainly  of  uranous-uranic  oxide,  UCU.^Oj.  It 
is  steel-grey,  slightly  malleable,  and  not  oxydized  at  ordinary 
temperatm-es ;  but  burns  beautifully  when  strongly  heated. 
Sp.  gr.  18.4.  Diamagnetic.  Analogous  in  its  chemical  rela- 
tions with  Fe  and  Mn.  Prej).  by  heating  uranous  chloride 
with  potassium  :  C1.,U  -1-  K„  =  2CIK  -f  IT.  Two  basic  and  two 
intermediate  oxides",  i.  TJranous  oxide  UO  =  136.  Forms 
green  salts  witii  a  tendency  to  oxydize.  Uranous  chloride, 
Cl.jU,  green,   deliquescent    octahedra:    volatile.     I'nji.  by 
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heatiii"-  the  oxide  with  charcoal  in  a  stream  of  Chlorine. 

Di-Sranous-uranic  oxide  2UO,U,03,  by  igniting  uranic 
nitrate,  or  heating  UO  to  redness  in  air  Black  :  used  m 
painting  china.  3.  Uranous-uranic  oxide  UO,U,0,,  by  heatmg 
the  di-uraiious-uranie  oxide  moderately  m  a  current  ot  air. 
No  salts.  Chief  constituent  of  Pitchblende.  Sp.  gr.  7-3 1- 
4  Uranic  oxide  U„03,  as  a  brick-red  powder,  by  heating  V„0„ 
-OH,  to  300°  C.  Behaves  like  a  base  and  a  radicle,  baits  ot 
vellow  color.  Imparts  yellow  color  to  glass.  iNOj.U^Oj/jOH, 
in  long,  striated  prisms  of  yellow  color  is  the  nitrate,  perfectly 
soluble  in  ether.  UO,  or  uranyl  behaves  like  a  metal  Ou 
addition  of  an  alkali,  uranate  of  the  metal  2U.,03,OK.,50H,  is 
precipitated  of  yellow  color.  TJranyl  chloride,  OljUjO.,,  by 
passin<-  CI,  over  uranous  oxide.  Sulphides.  SH,  gives  no 
precipitates.  But  ammonium  sulphide  gives  a  black  precipitate 
with  uranous,  and  a  yellowish-brown  with  uranic  salts.  "  Uran- 
ite"  is  Calcium  di-uranyl  phosphate  2  P04,2U202,Ca,80H,,. 
"  Chalcolite,"  is  2PO„2U,0,Cu,80H,,.] 


Metals  more  or  less  allied  to  Tin. 

Symbol.         At.  weight. 

Stannum.  .  Sn  =  118.0 

Titanium  .  Ti  =  50.0 

Zirconium  .  Zr  =  89.5 

Thorinum  .  Th  =  231.5 


XXV.  Stannum  or  Tin  Sn  =  118. 

Tetrad  metal,  not  found  native.  Very  white  and  lustrous ; 
malleable,  but  little  ductile.  Sp.  gr.  7.292.  Emits  a  peculiar 
crackling  sound  when  bent.  Melts  at  228°  C.  Tarnishes 
slowly  and  quite  superficially.  Crystalline  tin  in  "  moire e 
metalliriue."  When  strongly  lieated  in  air,  burns  into  Stannic 
oxide  Sn0„  its  only  ore.  CIH  chssolves  it  slowly  as  Stannous 
chloride;  boiled  with  sulphuric  acid,  into  Stannic  sulphate,  and 
tin  is  changed  into  Metastannio  acid  by  NO^OH.  Alloys. 
Britannia  metal,  of  equal  parts  of  Sn,  Brass,  Sb  and  Bi.  Peivter, 
of  4  parts  of  Sn,  and  i  part  of  load.  Fine  solder,  2  parts  of  Sn 
to  I  of  Pb.  Common  solder  of  equal  parts  of  Sn  and  Pb. 
Cohrse  solder  of  2  of  Pb  to  i  of  Sn.  Amalgams.— sec  Hg,  p.  74. 
Two  oxides,  i.  Stannous  oxide  SnO  =134-  Black,  crystal- 
lino  needles.  By  bailing  Hydroxide  0H2,2Sn0  with  HOK 
insufficient  to  re-dissolvo  it.  Powerful  base.  Rapidly  absorbs 
O,  and  becomes  SnO.^.  Hydroxide  is  white,  and  very  soluble 
in  HOK  and  HONa.  2.  Stannic  oxide  SnO.^  =  150.  Wliite. 
Native  as  "  tiu-stono."    As  alluvial  deposit,  known  as  "  sti-cam 
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tin ; "  as  constituent  of  granite  and  slate  rocks,  as  "  mine  tin." 
In  Cnrnwall,  Saxony,  Bohemia,  New  Zealand  and  Malacca. 
Metallurgy.  From  Tin-stone  SuOj  by  cljarcoal  or  anthracite. 
Mine-tin  contains  SAsFe  as  well  as  SjFeCu  and  much  SiO„. 
By  careful  roasting,  much  of  the  As  is  volatilized  as  As^Oj, 
and  S  as  SO-..  Lime  CaO,  is  added  to  form  a  slag  with  BiOj. 
Further  submitted  to  liquation  process,  pure  tin  melts  first, 
and  may  be  removed :  the  injpure  or  "  block  tin "  contains 
certain  alloys  in  small  quantities.  Stannic  acid  SnO(OH)„  or 
HoSnOa,  white,  gelatinous  precipitate,  obtained  by  adding 
H3N  to  solution  of  CljSn,  or  a  qviantity  of  chalk  insufBcient 
for  its  entire  decomposition.  Stannates.  SnO(OK)2,30H„, 
SnO(ONa)„,30H2.  So  then  stannic  hydi-oxide  behaves  also 
like  an  acid.  It  is  insoluble  in  H3N.  Heated  to  140°  C.  into 
meta-staniiic  acid  5Sii02,H20,40H2  or  H2Sn50ii,4aq.,  which  is 
however  most  easily  prepared  by  action  of  nibic  acid  upon  the 
metal :  it  forms  insoluljle  compounds  with  CIH.  Meta-stannates 
are  not  crystallizable.  Sulphides.  Stannous  sulpiride  SSn  = 
150.  Bluish-grey.  Fusing  Sn  and  S  togetlier.  As  brown 
hydrate  by  SHj  into  solution  of  CUSu.  Soluble  as  S^Sn  in 
S2(NH4)2.  Stannic  sulphide  SjSn  ="182.  Known  as  "  Mosaic 
Gold,"  in  bright  yellow  flakes.  As  yellow  hydrate  by  SH2 
into  01, Sn  in  solution;  soluble  in  SHH^N.  Stannous  chloride 
CLSn.iHjO  in  prisms.  Soluble  in  CIH.  By  water  into  2CIH 
and  STANNOUS  oxv-CHLORiDE  Cl„Sn,SnO,20H2.  By  boiling 
CUSn  with  ferric  hydrate,  ferrous  chloride  is  obtained  in  solu- 
tion, and  stannous  stannate  SnO,Sn02  as  a  grey  hydrate. 
iCl^Sn  +  Fe.Oj  =  2Cl,Fe  +  SnOjSnO,.  Eeduces  mercuric 
chloride  iuto'  mercurous  chloride  and  mercury.  a.  aCLHg 
-f-  CLSn  =  Cl^Sn  +  Cl.Hg,.  b.  Cl.Hgo  +  Cl2Sn=  Cl.Sn  +  Hg„. 
Stannic  chloride  Cl^Snj^OHj,  in  rhomboids.  By  adding  aqua 
regia  to  stannous  chloride:  practically  Cl2Sn-|-Cl2  =  Cl4Sn.  Also: 
iGUHg  +  Sn  =  Cl4Sn  +  zHg.  Purjjle  of  Cassius.  See  Gold,  p.  75. 
Stannous  fluoride  F„Sn,  in  shining  prisms.  Stannic  fluoride  F^Sn, 
only  known  in  flu'o-stannates.  Thus:  F4Sn,2FK,OH„  is  iso- 
morphous  .with  silico-fluoride,  titano-fluoride,  zircon-fluoride  of 
potassium.  Tin  compounds  easily  reduced  on  charcoal  in  blow- 
pipe-flame. It  is  estimated  as  stannic  oxide  •  SnO„,  which 
contains  78.66  per  cent,  of  tin. 


[XXVI.  Titanium  Ti  =  50. 

Tetrad  element,  never  native.  Discovered  by  Gregor  in  1^91. 
Prismatic  crystals  and  a  dark-green  powder.  Sp.  gr.  5.3. 
Burns  magnificently  in  oxygen.  Frej).  of  Ti.  Cl^Ti  +  I'Na^ 
=  4ClNa  +  Ti.    Great  affinity  for  nitrogen.    TijN,  resembles 
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copper  in  color.  C^N/ri,  3N.,Ti3  in  copper-colored  cubes  iu 
certaiu  slags  from  blast-furnaces.  Three  oxides,  r.  Titanous 
oxide  TiOr  black  powder,  but  little  knowu.  2.  Titanic  anhy- 
dride. TiO.,  =  82.  Constitutes  the  chief  ore.  "  Rutile,"  "  Brook- 
ite,"  and  "  Anataso"  are  TiO„.  "  Menaccanite,"  and  "  Iserine," 
coiisist  of  ferrous  titanate.  Yellowish-white,  and  after  ignition 
only  dissolved  by  FH.  Like  SiOj,  soluble  and  insoluble 
modifications.  Solution  of  titanic  acid  in  OIH  digested  with 
Zn,  gives  a  violet  solution,  which  on  addition  of  H3N  in  excess 
deposits:  3.  Titanous  Titanite,  TiO.TiOo,  or  Ti^Oj.  TiO,  after 
fusion  with  SO..(OH)(OK),  soluble.  TiS.,  in  green  scales.  Titanic 
chloride  CljTi,  fuming,  volatile  liquid,  resembling  SnClj. 
Titanic  fluoride  F/n,  colorless,  finning  liquid,  by  water  into 
oxy-fluoride  and  hydrogen  fluo-titanate  zFH.F^Ti.  Titanium 
is  estimated  as  TiO^.] 

[XXVII.  Zirconium  Zr  =  89.5. 

Tetrad  metal,  never  native.  Resembling  Si  and  Ti.  A  black 
amorphous  i^owder,  assuming  some  polish  under  the  burnisher. 
Burns  brilliantly  when  heated  into  Zircon-oxide  ZrOo  =  12 1.5. 
Ciystalline  Zr  resembles  antiaiouy  in  appearance,  and  only 
bums  inoxyhydrogen.  Dissolved  with  ease  by  FH,  evolving  H, 
and  forming  hydrogen  fluo-zirconide  2rH,r4Zr.  Prep,  of  Zr  : 
from  POTASSIUM  FLro-ziRCONiDE  ^FK.F^Zr  +  2K2  =  6FK-(-  Zr. 
SjZr,  brown.  Zirconium  oxide  ZrOj  =  121.5.  White,  infusible. 
After  ignition  insoluble  in  acids.  OHoZrOo,  gelatinous  bullvy- 
white,  insoluljle  in  caustic  alkalies.  When  neutral  solutions  of 
its  salts  are  boiled  with  one  of  potassium  sulphate,  a  sparingly 
soluble  Zirconium  subsulphate  separates.  SiO^Zr  is  found  as 
"Zircon"  and  "hyacinth."  Cl.,Zr,  in  needles,  soluble  in  water 
and  in  alcohol.] 

[XXVIII.  Thorinum  Th  =  231.5. 

Tetrad  metal,  never  native.  Discovered  by  Berzeliiis  in  1828 
iu  "  Thorite,"  a  silicate.  Grey  powder  acquiring  lustre  under 
the  l)urnishcr.  Sp.  «!;r.  7 .  7  to  7 .  g.  Dissolves  easily  in  NOjOH ; 
slowly  in  CIH.  Bums  brilliantly  when  heated  to  ThO^. 
I'rej).  from  Cl,Th  by  iK^  =  4ClK-f  Th.  Thorinum  chloride, 
Cl,Th  in  wliite,  sliining  crystals.  Prep.  ThOj -F  2C  +  jCI^  = 
Cl,Th  +  2CO.  One  oxide :  Thorinum  oxide  ThO,,  white 
and  very  heavy.  Sp.  gr.  q.402.  Thorinum  and  pota.ssium 
SULPHATE  (S04),K,TIi,20H2  sejiaiates  as  a  crystalline  powder 
from  mixed  sulphates,  and  the  hydroxide  of  thorinum  is  pro- 
cipitdtcd  by  HOK,  and  then  ignited.] 
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Sjnnbol.       At.  weight.  Sp.  gr. 

Molybdenum.  .Mo  =  96  ..  8.62 
Wolframium  .    .  W      =      184    ..  17.60 

[XXIX.  Molybdenum  Mo  =  96. 

Dyad,  tetrad  and  psoudo-triad,  never  native.  White,  brittle, 
very  infusible  metal.  S]j.  gr.  8.62.  Name  from  fj.o\v05atva 
"  a  piece  of  lead,"  which  its  ore  "  Molybdenite  "  resemble.s.  By 
roasting  in  air,  S^Mo  or  Molybdio  sulphide,  becomes  Molybdic 
anhydride  M0O3,  and  this  is  reduced  by  charcoal  in  a  smith's 
forge  in  a  crucible  lined  with  charcoal.  Three  oxides  :  two  basic. 
Molybdous  oxide  MoO,  black.  By  action  of  H.,  (Zn  and  2CIH, 
and  CIH)  upon  a  molybdate  :  reduced  to  MoCl„  and  precipitated 
as  hydroxide  by  HOK.  When  heated  in  air,  burns  to  Molybdic 
oxide  MoOo.  Is  deep-brown,  and  insoluble  in  acids.  Its  hydrox- 
ide dissolves  readily  to  red  solutions.  From  M0O3  hj  reducing 
agents.  By  NO^OH  into  Molybdic  anhydride  M0O3  =  144- 
White  crystalline  powder,  slightly  soluble  in  water.  As  acid,  not 
known  ii)  free  state.  Molybdate  of  lead  MoO^Pb,  native,  in  yel- 
low quadratic  plates.  Mo02(OH.,N),,  in  colorless,  .square  prisms. 
Solution  used  to  detect  traces  of  ortho- phosphoric  sicid  ;  suspected 
liquid  acidulated  with  NO„OH,  and  molybdate  added.  The 
liquid  becomes  yellow,  and  on  boiling,  deposits  yellow  ci-ystalliue 
precipitate  of  phosphoric  and  molybdic  acids,  combined  with 
HsNCs  per  cent.  P,0,).  Sulphides.  MoS„.  M0S3.  M0S4.  Chlorides. 
MoCl^.  MOjClc.  M0CI4.  M0CI5.  Mo„Cle  heated  in  absence  of 
ail-  into  yellow  MoCl,  and  brown  MoClj.  M0CI5  by  heating 
Mo  in  a  sti-eam  of  Chlorine,  and  this  in  a  stream  of  H  into 
MoX'lj. 

Molybdenum  is  estimated  as  S2M0 :  contains  60  per  cent,  of 
Mo.] 

[XXX.  Wolfram,  or  Tungsten  W  =  184. 

Tetrad  and  hexad  metal,  never  native.  Iron-grey  metal  of 
sp.  gr.  I  7.6.  Burns,  when  heated,  into  WO3.  From  WO3  by 
charcoal  in  a  smith's  forge.  Oxides.  Tungstic  dioxide  A\'0„, 
not  ba.sic.  As  a  brown  powder  by  heating  WU3  with  H„. 
Tungstic  anhydride  WO3  =  232.  Forms  Tungstic  acid 
\VO,(OH)2.0H2  and  Metatungstic  acid  W,0,,(UH)„.  WO3 
sti-aw-yellow  powder.  From  "  Scheelite  "  WO^Ca  by  NO._,OH. 
The  common  mineral,  "Wolfram,"  is  W0^Mn,3W0^Fe.  ■  So- 
mvM  TUNGSTATE  IS  sometimcs  added  to  starcli  to  render  stiffened 
fabrics  incombustible.  Chlorides.  WCl^  and  WCl^  are  volatile. 
Sulphides  S,,W,  bluisli-black  needles.  S^W  a  powerful  sulphur- 
acid.    Sulpho-tungstates.    Thus:  S^WK.,. 

Tungsten  is  weighed  as  WO3  :  contains  79.31  per  cent,  of  W.] 
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Symbol. 

At.  weifjlit. 

Stibium  . 

."  Sb 

122.0 

Arsenicum 

.  As 

75.0 

Bismuth  . 

.  Bi 

=  210.0 

Vanadium 

.  V 

51.3 

Niobium  . 

.  Nb 

94.0 

Tantalum 

.  Ta 

=  182.0 

aXXI.  Stibium  or  Antimony  Sb  =  122. 

A  triad  and  pentad  element.  Brilliant,  bluish-white  raetiil  : 
flaky,  crystalline  (in  rhombohedi-a,  isomorphous  with  As),  and 
so  brittle  that  it  may  be  poimded.  Sp.  gr.  6.7  to  6.8.  MeUs 
at  450°  C.  Burns  brilliantly  with  formation  of  antimonous 
OXIDE  Sb203.  By  strong  CIH,  dissolves  slowly  as  Ci.j8b. 
NO.,OH  into  METANTiMONic  ACID  Sb03H.  Takes  fire  in  CI ; 
burns  to  CljSb.  Chief  ore  "  Grey  antimony  ore  "  S.^Sb^.  Prep. 
of  Sb.  2  SbA  +  3O  =  3CO.,  +  2Sb,.  Alloys.  "Type-metal" 
consists  of  2  parts  of  Pb,  one  part  of  Sn  and  i  of  Sb.  "  Britannia 
metal  "  sometimes  of  r  part  of  Sb  and  9  parts  of  Sn.  Antimonide 
of  Zinc  SbjZuj  may  be  used  for  making  Stibine.  Antimonous 
hydride  or  Stibine  HjSb  =125.  Colorless  gas,  burning  with 
greenish  flame  to  water,  and  antimonous  oxide.  With  limited 
supply  of  air,  burns  into  water,  and  Sb.  Heated  in  a  tube,  into 
H.  and  a  brilliant  crust  of  Sb.  The  crust  is  easily  soluble  in 
(11^^)282,  and  separates  on  evaporation  as  SjSb,.  Passed  into 
3N0.,0Ag,  into  jNOoOH  4-  SbAgj.  Prep,  from  any  com- 
pound in  presence  of  nascent  H :  CI3SI)  -f  3H,  =  3CIH  +  H^Sb. 
Sb2Zn3  -t-  6C1H  =3Cl2Zn  +  iK^S\).  Sb  with 'Chlorine.  Anti- 
monous CHLORIDE  Cf3Sb=  228.5.  Deliquescent  mass,  fuses 
at  72°  C,  and  boils  at  223°  C.    Decomposed  by  water  into 

ANTIMONOUS    OXY-CHLORIDE    ClOSb.     CijSb  +  OH^  =  2C1H  -f 

ClOSb.  Prep,  of  CljSb.  a.  SjSb.,  -f  6C1H  =  3SH2  +  2C\^&\i. 
h.  S,Sbj  +  3t)l2Hg  =  jSHg  2Cl.,Sb.  "  Butter  of  antimony." 
ANTrMoyic  chloride  Cl^Sb  =  299.5.  Volatile,  colorless  liqnid. 
solid  below  0°  C.  By  OHj  into  2  CIH  -1-  antimonic  oxychloride 
CljOSb.  By  excess  of  water  into  CIH  and  orth-antimonic 
ACID  SbO(  OH)3.  Thus  :  Cl.Sb  +  4OPI2  =  5 CIH  +  SbO(OH)3. 
In  the  same  manner  by  SUj  into  solphantimonic  chloride 
SCljiSb.  Prep  of  Cl^Sb.  From  ClgSb  +  Clj  =  Cl,Sb.  [Anti- 
iroNous  bromide  BrjSb.  Puses  at  90°  C,  and  boils  at  270°  C. 
l3Sb  in  red  tables.  By  OHj  =  2IH  -f  lOSb.  P,Sb.]  Sb  and 
Sulphur,  a.  Antimonous  sulphide  S3Sb2  =  340."  In  granite 
or  slate  rocks  In  4-sidcd,  transversely-striated  prisms,  as 
"Stibiiite."  Blue  or  Bengal  ligiits  consist  of  NO2OK  3  parts, 
S  2  parts  and  r  part.   Wlien  roasted  in  air,  into  a  mixture 

of  SjSbj  with  ()3Sb2.  In  making  antimony,  after  roasting, 
C0(ONa)2  has  to  be  added  as  well  aa  charcoal  for  the  reduction 
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nf  mi  O    Tims  ■  S,Sb,  +  3C0(0Na),=  3SNa„  +  Sb,03+  3CO,. 


^Us  trma7sH:he  m  S3Sb,  is  insoluble 

S^bK.  imis,  100,  luaj  i„  soluble  Sulpli-antimoiutes. 

6.  ANTiMONic   SULPHIDE   S^feb^  -  404-  wangL 

i^'yl5de.^-sU^d  Oxygen.  ,,  .r.  ^  XtTpowd?/ 

-  2Q-    "  White  antimony  ore"  m  prisms.  Giey-wliite  powoer^ 
fellow  on  heating.  soUe  in   CIH  and  m 
r  H  rOHUCOOHU.     Basic  properties.     As   byaroxme  uy 
0,H,(UnMOUwrL,2      ,        ^  solution  of  sodium  carbonate. 

^°eTs?lubKn  HOK    Bun^  when  heated  in  air  into  a-vti- 

Aoxo  SbO(OH)  is  r+ OH^^^^^^^ 

^  .ST  ^i^-SoH):    MSttmSn'JfeJ  ^  b/  heal"  at  rooO  : 

sa^^^Se^^^»^£& 

^cf^il^^Sc'li^Side^d^^eS^'  intimonic 
:  d  'itofalled  met-antimonic  acid  from  its  andogy  to  mete- 
phosphoric  acid.   Pyk-antimokic  ^^^^  5^^?k:(oX^Y 

S  m'J^Sk)::  and  precipitated  in  acidulated  solution  by  SB, 
as  orange-coloured  SgSbj. 

Arsenicum  As  =  T5  (see  p.  29)- 

XXXn.  Bismutlmin  Bi  =  210. 

A  triad  and  pentad  element,  chiefly  native  in  quartz  :  extracted 
fusk,n.    Crystalline,  and  of  exceeding  beauty.  Reddish 
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white  hue.  Sp.gr.  9.79.  Molts  at  264°  U.  Most  diamagnetie 
of  all  metals.  Burns  in  CI  to  ClaBi,  and  when  strongly  heated, 
with  bluish  flame.  Easily  dissolved  by  NO.OH,  somewhat 
ililuted.  Alloys.  "Fusible  metal"  consists  of  8  parts  of  Bi, 
5  parts  of  Pb  and  ^  of  tin  :  it  melts  at  98°  C.  Bismuthous  chloride 
01381  =  316.5.  Fusible,  volatile,  deliquescent.  By  water,  into 
pxY-CHLORiDE  ClOBi.  Thus:  ClaBi  +  0H„  =  2C1H  +  ClOBi. 
"  Pearl-white  "  is  2G10Bi,OH2  ;  insoluble  in  tartaric  acid.  Prep. 
of  CljBi.  Also,  by  distilling  Bi  with  mercuric  chloride :  Bi„  + 
bCljHg  =  3Cl2Hg2  +  iClsBi.  [Bismuthous  bromide  BrgBi. 
Iodide  IjBi.]  Oxides :  one  basic,  i.  Bismuth  oxide  BinO^ ; 
velvet-black.  Burns  into  B'lfi,  when  heated  in  the  air.  2.  Bis- 
muthous oxide  BioOj  =  468.  Yellow  powder,  fusible  at  a  led- 
heat.  By  heating  nitrate  to  redness.  Hydroxide  BiOjH  or 
Bi,,03,0Ho.  insoluble  in  KOH  and  in  H3N.  Bismuthous 
xiTRATE  (1102)30381,50112,  transparent  prisms  obtained  by  dis- 
solving Bi  in  NO2OH.  Poiu-ed  into  water,  mainly  into  NOjOH, 
and  BASIC  BISMUTH  NITRATE  (N02)303Bi,BL03,30H2.  Known  as 
magistery  of  bismuth."  Sometimes  a  larger  proportion  of  Bi. 
NOoOHjBioOj.  Bismuthous  phosphate  POOjBi,  insoluble  in 
dilute  nitric  and  acetic  acids.  100  parts  contain  23.28  parts  of 
PjOj.  3.  Bismuthic  .\nhydride  BioOj.  Brown  powder,  obtained 
by  heating  bismuthic  acid  BiOjOH  to  132^0.  Bismuthic  acid 
BiOoOH  or  HBi03  red  powder.  Obtained  bypassing  CI  through 
solution  of  PIOK  containing  suspended  Bi.,63.  Thus  :  BioOj  + 
2C12  -1-  4KOH  =  4CIK  +  OH2  +  2HBi0'3.  Bismutk  and  S. 
Bismuthous  sulphide  S^Bi^  =  516.  Native  as  "  Bismuth-glance  '' 
in  needles  isomorphous  with  S3  Sp.  gr.  (■> .  4.  Precipitated 
as  S3Bi2  of  brown  color  by  SH,  in  acid  solutions,  insoluble  in 
SHH.N. 

Bi  is  estimated  as  BijOj,  containing  88.  74  per  cent,  of  metal. 
The  metal  easily  obtained  as  a  brittle  bead,  on  charcoal,  in 
blowpipe-flame. 

[XXXIII.  Vanadium  V  =51.3. 

Pentad  and  triad  metal,  never  native.  Discovered  in  1830 
by  Sefstrom.  The  metal,  as  obtained  by  Roscoe  by  pr(jlonged 
ignition  of  CljV  in  H2  gas,  is  crystalline  and  of  silvery  lustre. 
It  burns  vividly  in  flame,  forming  VjO,.  Insoluble  in  CIH. 
Bums  in  CI  gas  to  VCl.,.  Analogous  to  N,  it  forms  five  oxides. 
VjO.  ¥20.,  V2O3,  V2O,,,  V2O,,.  Vanadium  dioxide  V2O,,  is  ob- 
tained by  action  of  K,  upon  the  higher  oxid(!s.  V„0^  by 
igniting  V2O5  in  a  stream  of  H.  V,0.,  by  oxydizing'  V.,02 
or  VoOj.  Vanadic  anhydride  VjO,  =  "182.6.  Eeddish-yellow 
color,  soluble  in  1000  parts  of  water  to  light-yellow  solution. 
Vanadates.  Meta-Pyro-  and  Ortho  vanadates.   Easily  prepared 
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from  AMMONIUM  META-VANADATE  VO,OH.,N  by  heat.  "  VanacH- 
nite"  3(V0j)„Pb,,Cl„Pb  is  isomorphoiis  with  "  Pyromorphite 
BCPOJoPbj.PbCi.,.  "V  and  CI.  CI3V,  in  shining  tables,  of  peach- 
blossom  color.  '  By  01, V,  01  is  evolved,  and  OI3V  is  ob- 
tained. Cl^V  from  2CI3V  +  H,  through  red-hot  tube.  J  and  N. 
VN.  VNo.  By  heating  VN  to  redness  in  a  cui-rent  of  01,  Cl^V 
is  obtained.] 

[XXXIV.  Niobium  or  Columbium  Nb  =  94. 

Tetrad  element,  never  native.  Found  by  Hatchett  in  1801 
in  Oolumbite.    In  its  affinities,  resembles  Phosphorus.  Niobic 

ANHYDRIDE  Nb^O^.     OuLORlDE  Cl^Nb.    FLUORIDE  F^Nb.  OxT- 

TLUoraDE  FaONb.] 

[XXXV.  Tantalum  Ta  =  182. 
Pentad  metal,  not  native.    In  "Tantalite"  and  "  Yttro-tan- 
talite  "  by  Elieberg 


bLVJ.'.uu  '^J  O 

TANTALIC  FLUORIDE  iFK.FsTa.J 


TaNTALIO  ANHYDRIDE  Ta^Oj.  POTASSIUM 


Plumbum 
Thallium 
Cuprum 
[Gallium 
[Indium 


SymboL 

At.  weight. 

Sp.  gr. 

Pb 

=     207.0  . 

11.380 

Tl 

=  203.6 

11.862 

Cu 

=       63-4  • 

8.952 

G 

=      68.0  . 

5.900 

In 

=    II3-4  • 

7.400 

Fusing-point. 

325°.  c. 

2  94°.  C. 

1091°.  c. 
3o°.i  C] 
176''.  C] 


XXXVI.  Plumbum  or  lead  Pb  =  207. 

Dyad  and  tetrad  metal,  never  native.    Bluish,  soft,  malle- 
able, ductile,  but  little  tenacious.    Sp.  gr.  11.38.    Fuses  at 
32=,°  0.    Tarnishes  slightly  in  damp  air.    Acted  upon  by 
soft  water  in  presence  of  air  and  carbonic  acid,  crystals  of 
C002Pb,(OH)2['b  being  precipitated.    Chlorides  and  nitrites 
in  water 'also  attack  lead.    Presence  of  sulphates  in  water  best 
defence  against  lead-poisoning  by  water.    Acidulated,  no  water 
fit  to  drink  which  darkens  in  the  least  degiee  on  addition 
of  SH      Lead  oxydizes  when  melted.     Dilute  SO,H„.  and 
CIH  scarcely  act.    NO„OH  best  solvent  :  3?^  -I-  8N0„0H  = 
3[(N02)20,Pb] -f  40H„+ 2NO.    Alloys,  see  Stannum,  p.  6r. 
Oxides  :  4  known.  One  basic,  i.  Suboxide  Pb.O,  black.  2.  Le.\d 
OXIDE  or  plumbic  oxide  PbO  =  223.    Powerful  basic  oxide. 
Yellow  color.  "  Litharge  "  is  fused  oxide,  "  Massicot  uiifused 
oxide.    By  the  nxydatiou  of  lead  in  a  current  of  air.  Hydrate 
2PbO,OIl2  is  white,  nUialine  to  test-paper,  as  slightly  soluble, 
and  soluble  in  HOK :  good  test  for  Sulphur.    3-  Minium  or 
BED  LEAD,  a  Compound  of  2PbO,PbO„  is  found  native.    Used  as 
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a  paint  in  "  priming."  Prepared  by  carefully  heating  losvigated 
lead  oxide  in  a  reverberatory  furnace  at  5  20°  C.  Decomposed  by 
NO,_.OH  into  lead  nitrate  and  lead  peroxide  PbO„.  4.  Plumbic 
peroxide  PbO„  =  239.  Native  as  "heavy  lead  ore,''  in  iron- 
black,  lustrous,  6-sided  prisms.  Absorbs  SO,  and  changed  into 
SO„0.,Ph:  test  for  S0„.  Prep,  of  FhO„.  2PbO,Pb02+4N020H 
=  2[(N0„)..0.,Pb]  -f  PbO„  +  20H„.  '  Also  :  (C„H30),0jPb  + 
CO(ONa),  +  CI2  +  20H;=  2ClNa  -1-  2(C„H30,OH)  +  OH^  -1- 
CO2  -I-  Pbbo.  Lead  sulphide  or  plumbic  sulphide  SPb  =  239, 
black.  Precipitated  in  acid  solutions  by  SH„.  As  "  galena  " 
it  is  found  both  massive,  as  in  cubes  and  dodecahedra,  of  leaden 
hue,  very  lustrous  and  very  brittle.  Chief  ore  of  lead.  Metal- 
lurgy. SPb  is  first  roasted.  One  portion  remains  unchanged 
SPb.  Another  portion  oxydizes  into  lead  sulphate  SO„0„Pb, 
and  yet  another  into  SO,  and  lead  oxide  PbO.  Now,  when 
the  furnace  doors  are  shut,  the  lead  sulphate  and  the  lead  oxide 
react  upon  the  unchanged  lead  sulphide,  and  give  lead  with 
sulphurous  anhydride.  Thus :  SPb  -1-  2PbO  =  SO.,  +  3Pb. 
Again :  SO^Pb  +  SPb  =  280,  -t-  Pb„.  Soluble  salts'  of  PbO. 
Plumbum  chloride  CUPb,  brilliant  needles  soluble  in  135  parts 
of  cold  and  33  of  boiling  water.  CIH  precipitates  soluble  lead 
salts,  when  solution  not  too  dilute.  Nitrate  (N02)oO,Pb,  in 
white  octahedra,  soluble  in  8  parts  of  cold  water.  Heated  to  red- 
ness into :  PbO  +  2NO,  -|-  O  (p.  10).  Acetai  e  (CJd30),0,Pb, 
3OH2  is  the  "sugar  of  lead"  of  commerce.  Eight  rliombic 
prisms,  soluble  in  2  of  water.  Basic  acetate  contains  2PbO,OH2. 
Insoluble  lead-salts.  Oxy-cMoride  2PbO,Cl„Pb,  native  as 
"  Mendipite."  Turner's  Yellow  yPbO.CLPb.  *  Chlorosulphide 
3SPb,2Cl2Pb,  is  precipitated  white  by  insutflcient  SH„  from 
CljPb.  Bromide  BrjPb,  white,  sparingly  soluble.  Iodide  IjPb, 
yellow,  soluble  in  boiling  water,  separating  on  cooling  in  golden 
scale.s.  Cyanide  C,N„Pb,  white.  Sulphate  SO  .Pb  =  303.  "W^hite. 
Native  as  '"  lead  vitriol  "  in  colorless  prisms  and  octahedra. 
Soluble  in  sulphuric  acid:  contained  in  "  f)il  of  vitriol'' and 
precipitated  white  by  water.  Chromate  CrO.Fb  yellow.  Native 
as  "  Lehmannite "  in  oblique  prisms.  Di-plumbic  chromate 
PbO,CiO|Pb  is  vermilion-colnred.  Sulphite  SOO„Pb,  white. 
Carbonate  COO.,Pb,  native  as  "  Gerussite  "  in  needles.  "  White 
lead  "  (0H),Pb,2C002Pb.  Dissolves  in  NO,OH  as  lead-nitrate. 
Water  must  be  added  to  ascertain  whether  residue  of  SO,Ba. 
Silicate  Si(0,Pb),.  Flint-glass  fiSiOj.K^OjPbO.  Silicate 
and  borate  3(Si002Pb),2B„03,3PbO.  Paste  or  SlrasD  for  imi- 
tating gems  8Si02,K.,0,3PbO. 

Leafl-salts  are  poisonous.  Antidote  is  Glauber  salt,  or  Epsom 
salt,  which  precipitates  SO.,Pb.  Lead  is  weighed  as  lead  sul- 
phate S04Pb  containing  68.31  per  cent,  of  metal. 
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XXXVII.  Thallium  Tl  =  203.6. 

A  monad  metal,  never  native.  Discovered  by  Crookes  iii 
i8f)r,  by  the  spectroscope;  a  single  brilliant  green  line  nearly 
coincident  witb  one  of  tlie  inconspicuous  lines  of  the  Barium 
spectrum.  BaWbs,  a  budiling  twig.  Between  lead  and  silver 
in  color,  very  heavy;  of  sp.  gr.  11.862.  Soft  and  malleable. 
Crystalline.  Melts  at  294°  C.  Tarnishes  in  an-.  Takes  hre 
at  315°  C  in  oxygen  and  bums  with  green  light.  Combines 
also  directly  with'^Cl,  Br,  I,  S  and  P.  As  chloride,  but  little 
soluble.  HCl  little  action.  With  SO,H,  into  H,,  and  sulphate. 
Easily  dissolved  by  NO„OH.  Forms  alloys.  Prep,  of  Tl,  Irom 
sulphate  by  Zn,  or  electrolysis.  Three  oxides.  TI4O.  Thallioi 
OXIDE  T1,0,  the  only  base.  Is  very  soluble  in  water  as  THALLirn 
m-'DEOxiDE  HOTl,  obtainable  in  pale-yellow  prisms.  Solution 
alkaline  and  absorbs  CO^.  Precipitates  Mg,  Mn,  &c.  Per- 
oxide TIO.,  brown.  Thallium  sulphide  STl^,  brownish-black, 
by  SHH.N  Salts,  chloride  ClTl.  Little  soluble  in  water, 
yellowish-white  in  color.  Cl,Fe„6ClTl,  red  crystalline  2CITI, 
Cl.Pt.  CI3TU.  C1.,T1.  CI3TI.  Carbonate  CO(OTl),,in  flattened 
prisms,  solulDle  iu  23  parts  of  water.  Nitrate  N0„0T1,  in 
prisms.  Sulphate  S0,(0T1)„,  6-sided  prisms.  Forms  an 
alum,  isomorphous  with  K,  Na,  Cs,  Eb,  L  and  Ag.  (SOJ.TUiU;, 
24OH2.    Salts  poisonous. 

XXXVIII.  Cuprum  or  Copper  Cu  =  63.4. 

This  metal  is  a  dyad  in  its  chief  compounds,  and  is  frequently 
found  native.    It  has  been  long  known,  and  derives  its  name 
from  Cyprus.    Found  native  in  cubes,  octahedra,  deucb-itic 
ervstals  and  massive.    Lustrous,  malleable,  ductile  and  tena- 
cious.   It  is  of  a  rich  red  color.    Next  to  silver,  the  best  c<)n- 
ductor  of  heat  and  electricity.    Sp.  gr.  8 . 95  2 .    Melts  at  1 091  C. 
Corrodes  but  slowly  in  air  and  quite  superficially ;  rapidly  in 
sea-water.    Heated  to  redness,  black  cupric  oxide  and  red 
cuprous  oxide  formed.    Dilute  CIH  and  SO.H.iOH.,  scarcely 
anv  action.   NO.,OH  attacks  it  immediately  :  fcNO„OH  -j-  jCu - 
3[(N0,)„0,Cul  -f40H,-f  2NO.  Boiled  with  SO,H, :  Cu+  2S0,H, 
->oh'  4-  SO,  -i-SO^Cu.    Leaf  copper  takes  fire  m  CI.  Bm-ns 
with  green  color  in  oxy-hyckogcn :  salts  impart  green  color 
to  fiame     Alloys.     Brass  Cu.Zn.     Muntz  metal  CUjZu,. 
Speculum  metal  Cu.Sn.    Bell-metal  Cu„Sn.    Bronze  contains 
less  tin.    Copper  and  Hydrogen.    Cuprous  hydride,  HoCUj,  by 
2CIH  into  cuprous  chloride  CLCu.,.     Thus:  H,Cu,  +  2CIH 
=  2H„  -1-  Cl„Cu„.    Eemarkable  illustration  of  the  union  ot  two 
atoms'of  the'saiae  element  to  form  a  molecule.    At  1°'^^.  into 
H  +  Cu„.    Two  basic  oxides  and  one  peroxide,     i.  Cuprous 
o^de  Cu"0=  142.8.    Native  as  "ruby  copper  ore."  Kuby 
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color  to  glass.    As  yello^y  hydrate  4CiuO,OH,.  Eeducing 
cupi-ic   salts,  we  obtaia  cuprous  salts      Solutions  colorless 
2  Cuprio  oxide  CuO  =79-4.     Bl'^ck :  by  heating  the  nitrate 
to  reduess     Only  important  oxide.    Hydroxide  (OH)„Cu  or 
CuH.O   li-ht-blue.    Precipitated  by  HOK  from  soluble  cupric 
salts.  Becomes  black-,  when  boiled,  through  loss  ol  water.  H  orms 
salts  blue  or  green.    Is  soluble  ia  oils  and  fats  which  may 
become  poisonous.    CuO  gives  a  green  color  to  glass,  in 
presence  of  sugar,  on  boiling  a  cupnc  salt  with  potassium 
hydroxide,  cuprous  oxide  Cu.,0  is  precipitated.— Tri-cupric 
nitride  Cu,N,  as  dark-green  powder.    Sulphides,    i.  Gcphods 
SULPHIDE  SCu:  =158.8.  As  "  copper  glance  "  in  6-sided  prisms. 
It  is  the  "fine  metal"  of  copper-smelters.     2.  Gupbic  sul- 
phide SCu  =  95.4.    A  rare  muieral"  ludigo  copper,  m  flexible 
blue  plates.    As  a  dark-brown  hydrate  from  cupric  salts  by  bll, 
in  acid  solutions.    "  Copper  pyrites  "  S.CuFe,  is  the  chief  ore  ot 
copper.  Both  massive,  and  in  tetrahedra  of  bras.sy  lustre  Metal- 
lurgy    I.  Calcining.  Fe  chiefly  oxydized:  S  volatilized  as  bU^- 
2.  Melting  for  coarse  metal.   Fefi,  slagged  ofl;  by  SiO„  as 
SifO  Fe)  •    matt "  (cuprous  sulphide)  SCu^  with  somebjbe^ 
remaining.    ^.  Re-calcining.    All  Fe  oxydized.    4.  Meltmg  for 
fine  metal.    Remaining  Fe.O,  slagged  off:  Cu,S  remaining. 
5.  Roasting  SCu,  and  reduction,     a.  Cu^S  -1-  2O2  =  2CUO  + 
S0„.   6.  2CuO  +  Cn2S  =  S02  +  4Cu.   Blistered  copper,  b.  Re- 
fining.   Fused  in  a  reverberatory  furnace ;  much  Cu^O  formed, 
reduced  by  charcoal,  and  poUng  with  trunk  of  a  young  tree. 
Salts  of  copper.    Cuprous  chloride  CljCuj,  white.    By  dissoly- 
inc'  Cu  in  CI2CU.    Colorless  solution;   absorbs  CO^.  Cupnc 
safts:    soluble.     Chloride  Cl2Cu,20H,,  green  deliquescent 
needles.     Soluble  in  alcohol.     CuO  +  2CIH  =  Cl.Cu  -f  OH,,. 
Cupric  sulphate  SO,0„Cu,50H2,  in  blue,  doubly-oblique  rhombs. 
Also  with  7OH2,  isomorphous  with  S0.,0,Fe,70H„.    Soluble  in 
4  of  water.    Anhydrous  at  200°  C,  and  white.    Absorbs  H3N, 
and  forms  SO,Cu,3H3N.    At  a  red-heat  into  CuO  +  SO,  -f  O. 
Insoluble  in  alcohol.    With  H3N  in  solution,  into  SOj.HjNCu, 
H^N,  a  beautifully  blue  salt.  A  test  for  Cu.  Nitrate  (N0.,)20.,Cu, 
6OH2  in  blue  rhomboidal  prisms.    Acetate  (C^H30).P2Cu,OH2 
ia  green,  oblique-rliombic  prisms.    Insoluble  cupric  salts.  Car- 
bonate COO2CU ;  not  known.    "  Cliesaylite  "  (OH)2Cu,2C002Cti, 
in   oblique -rhombic    prisms  of  blue  color.  "Malachite"' 
(0H),Cu,C002Gu,  beautifully  green.     Common  malacliite  is 
used  as  an  ore.    By  roasting  into  CuO,  and  by  fuel  into  Cu. 
Cupric  arsenite  As(OH)0.,Cu :  "Sclieele's  Green."    Cupric  hy- 
droxyl  orth-arsenate  As0(0H)02Cu,  pale  blue.  "Verdigris"  CuO,. 
(C.,H30)202Cu,60H„.    Copper  is  precipitated  by  steel  or  iron 
with  its  peculiar  bright-red  color.    It  is  weighed  as  CuO,  100 
parts  of  which  contain  79 .85  parts  of  copper. 
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[XXXIX.  GalUum  Ga  =  68. 

Never  native.  A  triad,  intermediate  between  Aluminum  and 
Indium.  Discovered  in  1875  1^7  Lecoq  de  Boisbaudran  in  a 
zinc-blende.  Hard  white  metal,  malleable  and  ductile.  Sp. 
gr.  5 .9.  Melts  at  30''.  i  C.  Heated  to  redness,  it  only  oxydizes 
upon  the  surface,  and  does  not  volatilize.  Gallium  oxide  GaoOj 
is  soluble  in  HOK,  and  Gallium  is  obtained  by  electrolysi.s  of 
this  solution.  Gallium  oxide  substitutes  Alumina  in  alum. 
Gallium  hydroxide  is  white  and  soluble  in  excess.  Gallivm 
CHLORIDE  Cl3Ga  is  deliquescent.  Gallium  sulphide  SjGa;  is 
white,  and  precipitated  from  its  salts  by  SHHjN. 

Gallium  gives  a  bright  spectrum,  exhibiting  a  brilliant  line 
and  a  fainter  band  in  the  violet.    '  Watts'  Chemistiy.'] 

[XL.  Indium  In  =  113.4. 

Never  native.  A  triad.  Discovered  in  1863  by  Eeich  and 
Eichter  in  the  zinc-blende  of  Freiberg.  Silver-white  metal, 
malleable  and  ductile.  Sp.  gr.  7.421.  Melts  at  176°  C.  Less 
volatile  than  Cadmium.  Heated  to  redness  it  bums  with  violet 
llame  In203.  Chloride  ClaIn,  volatile.  Sluphide  SjLu  is 
yellow.  Precipitated  from  neutral  solutions  by  SH,.  Indii'ii 
oxiDK  In^Oj  yellow ;  Hydroxide  is  white,  soluble  in  HOK,  in- 
soluble in  HjiST.    Zn  and  Cd  precipitate  Indium. 

Two  indigo-colored  lines,  in  the  spectrum:  one  very  bright 
ami  more  refrangible  than  the  blue  line  of  Sr,  the  other  fainter 
and  still  more  refrangible,  and  approaching  the  blue  line  of 
Potassium.    '  Watts.'] 
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XLI.  Argentum  or  Silver  Ag  =  108. 

Monad  metal,  frequently  native,  both  crj'stallized  and  massive. 
The  whitest  and  most  lustrous  of  the  metals.  The  best  con- 
ductor of  heat  and  electricity.  Sp,  gr.  10.53.  Melts  at  916°  C. 
A  noble  metal ;  does  not  tarnish  in  piu"e  air,  and  its  oxide  is 
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rerluced  by  heat  alone.    When  heated  it  absorbs  mecliauically 
times  its  bulk  of  oxygen,  and  "spits"  on  cooling.  Great 
affiuitv  for  S.    CIH  does  not  dissolve  it.    NO,OH  its  great 
solven't :  Al'..  +  jNCOH  =  OH,  +  NOOH  +  ^NO.OAg^  Boded 
with  SO.,(OH),:  Ag,  +  :SO.,(OH),  =         +  SO,  +  SO,(OAg),. 
AUoys.  AgsCiio.    Our  silver  coinage  contains  7.5  per  cent,  ot 
copper  and  has  a  sp.  gr.  of  10.30.    Assaying  by  cui-ellation. 
English  coin  requires  s  i  times  its  weight  of  lead  for  cupellation  : 
the  base  metal  oxvdizes  and  is  absorbed  by  the  cupel  (bone- 
earth).  Oxides.  Tliree  oxides  :  one  basic,    i.  Argentous  oxide 
Agfi,  very  imstable.    2.  Argentic  oxide  AgjO,  =  232,  brown. 
Powerful  base.    From  the  hydroxide  HOAg  at  60°  C.  Prep. 
NO.,OAg+ HOK=  NO„OK  +  HOAg.  Then:  iHOAg  =  OH, 
+  6a^„.    Soluble  in  H3N.    Slightly  in  water.    At  a  low  red- 
heat  in'to  2Ag„  +  0„.    Salts.     3-   Peroxide  Ag^O,.  Dark- 
grey  needles,  by  electrolysis  of  NOjOAg.  Sulphides.  Argentic 
SULPHIDE  SAg,  =  24b.    Native  as  "  silver  glance  "  in  cubes  and 
in  octahedra.  Also  in  "red  silver  ore"  S3Sb„,(SAg2)3.  Is  preci- 
pitated from  its  soluble  suits  even  in  acid  solutions  by  SH,. 
Metallurgy.  Ore  containing  SAg„,  S„Fe,  S^FeCu,  is  roasted  with 
ClNa.    SAg„  +  2ClNa  +  20,  =  SO,Na„  +  2ClAg.    SCu  -1-  20, 
=  SO.Cu.    2SCu  +  4ClNa  +  4O0  =  2S04Na2  +  01,  -|-  2CI2CU2. 
2S,Fe  +  fiClNa  +  7O,  =  3S0.,Na,  +  Cl^Fe,  +  SO,.    The  mass, 
pounded,  is  mixed  with  water  in  a  revolving  cask,  then  scrap 
iron  added,  and  after  sufficient  time  to  convert  CluFe,  +  Fe  into 
3CLFe;  Cl^Cu, -(- Fe  into  Cl^Fe  +  Cu,;  SO.Cu  +  into  S04Fe 
,+  Cu,  and  lastly  2ClAg+Fe  into  CVFe  +Ag2 ;  Mercury  is  added, 
'and  tiie  amalgam  formed  with  tlie  reduced  Ag  and  Cu,  washed, 
strained  and  heated.    Ag  with  Cu  remains.    Salts  of  sUver : 
soluble  in  water.    Argentic  nitrate  NOjOAg  -  1 70.  Square, 
colorless,  anhydrous  tables.    Melts  at  219°  0.   Cast  into  sticks  ; 
'•  lunar  caustic."   Very  soluble  in  water.   Also  soluble  in  boiling 
alcohol.    If  made  from  copper  containing  silver,  (N02)202Cu  is 
first  decomposed  by  lieat,  and  OCu  can  be  removed  by  filtration. 
Iteduced  by  heat.    Argentic  sulphate  SO^Agj  =  312.  Small 
rhombic  prisms,  soluble  in  90  of  cold  water.    Absorbs  4H3N. 
Silver  alum  (SO.,).,Ag2Al2,240H„.     Acetate  C^HaOCOAg), 
tliin  silken  needles.    Fluoride  FAg,  very  soluble.  Potassium- 
argentic  cyanide  2(CNK,CNAg),OH2in  rhombic  prisms.  Used 
in  electro-plating.    Soluble  silver  salts  aire  irritant  poisons : 
antidote  ClNa.    Insoluble  silver  salts.    Argentic  chloride  ClAg 
=  145.5.    Native  as  "horn  silver"  in  cubes.    Melts  at  260°  C. 
Ea.sily  reduced  by  Zn  and  Fe.    Also  by  H,  nt  a  moderate  heat. 
NB.  Solutions  of  Cu  and  Ag  can  have  Ag  removed  as  insoluble 
ClAg,  and  the  latter  decompcsed  by  Zn.    2ClAg  -|-  Zn  =  Cl.^Zn 
-fAg„.    When  ClAg  is  fused  with  sodium  carbonate:  4ClAg 
+  2Cb(ONa)2  =  4ClNa  +  2C02-i-02  +  2Agj.  ClAg  absorbs  H3N 
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largely,  and  gives  it  up  on  application  of  beat.  It  is  also  very 
soluble  in  liquor  ammonioo.  Argentum  bromide  BrAg,  yellowish  ; 
soluble  in  mucli  liquor  ammonife.  Iodide  lAg.  yollow  :  insoluble 
in  H3N.  All  three  Insoluble  in  NO,,OH.  Native  as  "  iodite." 
Cyanide  CNAg,  white.  Soluble  in  H3N  and  in  strong  NO2OH. 
Thiosulpkate  S.,0' OAg).,  white,  decomposing  iuto  Ag™  +  S + 
SO^H,  with  OH.,.  Orthophosphate  POCOAg),,  bright-yellow, 
soluble  in  H3N  and  in  NO„OH.  Pyrophosphate  P^OjCOAg)^, 
wlate.  Metaphosphate  PO.,OAg.  white,  soluble  in  H3N  and  in 
NOoOH.  Arseiiite  As(0Ag)3,  yellow,  soluble  in  H3N  and  NO,,OH. 
Arsenate  AsO(OAg)3,  liver-brown,  and  .solul)le  in  H3N  and 
NO„OH.    Borate  B6(0Ag)  white.    Chromate  CrO.Ag,  crimson. 

The  metal  Silver  easily  obtained  in  globules.  Precipitated 
from  its  solutions  as  silver  chloride  ClAg,  100  parts  of  which 
contain  75.26  of  the  metal.    It  is  weighed  as  chloride. 

XLII.  Hydrargyrum  Hg  =  200. 

A  dyad  metal,  rarely  native.  The  molecule  of  the  vapor, 
equal  two  vols.,  contains  only  one  atom  like  Zn,  Cd,  &c.  A  noble 
metal,  which  does  not  tarnish,  and  whose  oxides  are  reduced 
by  heat  alone.  Its  name  from  v5wp,  water,  and  dpyvpou.  silver, 
from  its  fluid  state  and  lustre  like  silver.  Fluid  above  58°.^  C. 
Sp.  gr.  13.59.  Boils  at  357°  C.  Forms  amalgams  with  the 
metals.  AgHg,  CuHg.  Zn^Hg.  Pb.Hg.  FeHg.  Sn^Hg.  Hydrogen 
chloride  does  not  attack  Hg.  With  SO^H,.  iSO^H,  +  Hg  = 
SOjHg  +  2OH,  -1-  S0„.  With  nitric  acid  :  3Hg  +  8N0,0H  = 
3[(N6,.)02Hg]  +  4OH2  +  2NO.  Combines  directly  with  CI,  Br, 
I  and  S.  Used  for  silvering  mirrors,  and  for  extracting  Au  and 
Ag.  Heated  to  300°  C,  slowly  into  HgO.  Sulphides.  Mer- 
cuRors  SULPHIDE  SHgj  black,  and  unstable.  From  suits  by 
SHj.  Mercueio  SULPHIDE  SHg  =  232  =  3  vols.  Native  as 
Cinnabar  in  hexahedral  prisms :  the  chief  ore.  Vermilion  is 
artificial  SHg.  It  is  precipitated  black  liy  SH,,  from  its  salts, 
insoluble  in  NO.OH.  Metallurgy,  a.  Bv  washing  and  eul- 
leeting  the  metal".  SHg  +  0„  =  SO,,  -t-  Hg.  h.  SHg  -|-  Fe  = 
SFe  +  Hg.  c.  4SHg  +  4CaO  =  4Hg  +  SO^Ca  -t-  3SCa.  Ox- 
ides;  2  basic.  i.  Mercurous  oxide  OHg,  =  416,  black, 
unstable.  From  Cl.,Hg„  -t-  2HOK  =  2CIK  -f  OH,  -t-  OHg^. 
Decomposed  by  liglit  into  Cl.Hir-|-Hg.  2.  Meuciric  oxide 
OHg  =  216.  Red  crystalline  powder.  "  Eed  oxide"  from  which 
O  first  prepared.  Prep,  also  by  decomposing  (N02)oO  Jigj  by 
heat.  Ammonia  upon  mercuric  oxide  :  mercuramine  hydrate 
N.,Hg,(0H)„,40H.,.  Yellowish-white,  and  decomposed  by  light. 
Absorbs  CO",.  Unites  with  acids  to  form  .«alts.  Salts.  Mer- 
curous. Soluble  in  water.  Mercurous  nitrate  (N0j),,0„Hg2,:  OH, 
in  efflorescent  prisms.    Acetate  (CJl30).,0...Hg.,,  in  silvery 


MERCURIC  SALTS.     NESSLER's  TEST.     XLIII.  GOLD.  75 

scales,  soluble  in  boiling  water.    Insoluble  in  water.  Mercu- 
rous  chloride  01„Hg,  =  471  -  4-  volumes.      Calomel.  in 
4-sicled  prisms,  or  as  a  yellowisli-wliite  pmyder.     By  LiQie- 
water  into  "black-wash"  Hg„0.    By  H3N  into  OlHJIg.N. 
Thus  :  2H3N  +  ClJ-Ig..  =  CIH.N  +  ClH,Hg„N  ;  or  ammonium 
chloride  in  which  Hg, 'substitutes  11,     Prejj  of  calomel  By 
sublimin-  a  mixture  of  iClNa  +  SO.Hg,  =  CI  Hg,  +  SO^Na,. 
Bromide  Br„Hg...    Iodide  LHg„  green.    By  light  into  I^llg  + 
Hg.    Cliromate'Hg..0,3Cr0,Hg2.    Soluble  mercuric  salts.  ^Mer- 
curic cnLORriiE  CiJ-lg  =  271.     "Corrosive  sublimate.  in 
needles  soluble  in  16  of  cold  and  3  of  boiling  water.    Fuses  at 
^65°  C  ,  and  boils  at  295°  C.    Violent  acrid  poison:  antidote 
egg-albumen.     Coagulates  albumen,  hence  its  nse  aff 
kyanizing  timber.   Forms  double  salts  with  CIK,  ClNa,  CliiiJN. 
Prep,  of  corrosive  sublimate.    By  sublmuug  a  mixture  ot 
iClNa  +  SO.Hg  =  SO.Na,  -t-  Cl.Hg.    "  White  precipitate  is 
Chloio-amide  of  mercury  ClH„HgN.    Thus  :  2H3M  +  L/ij^S  - 
C1H,N  -I-  ClH,Hi?N.    Chloro-sulpMde  Cl2Hg,2SHg,  white  and 
precipitated  by  SH^  when  CLHg  in  considerable  excess.  Both 
chloro-amide  and  chloro-sulphide  of  mercuric  are  insoluble  m 
water.    Bromide  Br„Hg,  crystalline.    Cyanide  C^N^Hg,  rect- 
angular prisms,  soluble  in  8  of  water.  By  heat  into  Hg,  CjN^, 
and  paracyanogen.    Meuciric  oxy-cyanide  C„N2Hg,HgO,  in 
needles.    Mercuuic  nituate  2[(N02)20,Hg].OH,.  Mercuric 
SULPHATE  SO.,Hg,  white  crystalline  powder.    Insoluble  salts, 
CMoro-amide.    CMoro-sulphide.   Mercuric  oxy-chlorides,  by  the 
action  of  CO(OH)(OK)  upon  CUHg,  or  by  boiling  HgO  with 
CLHg.    2HgO,Cl3Hg.    sHgO.Cl^Hg.    4HgO,Cl„Hg.  Mercuric 
iodide  I„Hg  =  454.    Scarlet,  and  readily  soluble  in  excess  ot 
IK.    Mercuric  ammonium  iodide  IHg2N,OH2  is  brown.    It  is 
occasioned  by  the  use  of  Nessler's  test  (a  solution  of  mercuric 
iodide  in  potassium  iodide,  to  which  potassium  hydroxide  has 
been  added)  to  a  liquid  containing  H3N.   Basic  mercuric  sulphate 
SO,Hg,2HgO  is  yellow.    "Mineral  turpeth."    Basic  mercuric 
nitrate  (NO.,).,02Hg,2HgO,OH2,  yellow.     Salts  of  mercury  are 
readily  reduced  to  metallic  state  by  Cu,  or  by  heating  the  dry 
corapounils  witli  COCONa^.    Stannous  chloride  may  be  used 
(see  CljSn).    The  metal  is  weighed  as  mercury. 


XLIII.  Aurum  Au  =  196.6. 

This  triad  metal  is  always  found  native,  both  massive  and 
crvstallized  in  cubes,  octahcdra  and  tetrahedra.  In  California, 
Australia,  Ural  Mountains,  &c.  Bright  yellovr,  lustrous  raetiil, 
of  sp.  gr.  19.34.  The  most  malleable  of  nil  mctids ;  gold-loaf 
™,i|5^  of  an  inch  in  thicknfess.  Inferior  to  Ag  and  Cu  in  con- 
ductivity.   Melts  at  1037°  C.    Untarniahable  in  air.    A  noble 
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metal,  ns  its  oxide  becomes  metallic  by  heat  alone.  Only 
attacked  by  CI,  Br,  I.  Au,  +  2CI3  =  jCIjAu.  Siandurd  gold 
IS  alloyed  with  8.33  percent,  of  Cii :  alloy  harder  and  more 
fusible  than  pure  gold.  Ag  sepsirated  by  "  (puirtation  '  pjrocess, 
i.e.  fusion  with  Ag  so  as  to  reduce  the  gold  to  i,  and  emjiloymg 
NO.OH  for  solution  of  (he  Ag  as  NO.OAg  :  gold  left  as  a 
brown  powder.  Two  chlorides.  Aurous "chloride  ClAu  =  232.1. 
Pale  yellow,  sparingly  soluble  powder,  losing  all  its  CI  at  200''  C. 
Prepared  from  CI3AU  by  heat  at  175°  C.  Auric  chloride 
CI3AU  =  303.1.  Eed,  deliquescent  salt,  by  dissolving  Au  in 
aqua  regia,  and  evaporation  below  120°  C.  Solution  orange,  or 
yellow  when  dilute.  By  heat  into  Clj  +  ClAu,  and  then  into 
CI  and  Au.  Easily  reduced  by  P„,  Cu,  Hg,  Zn,  Fe,  &c.  Also  by 
SO,Fe.  Thus:  6S0,Fe  +  2C1;Au  =  ClcFe,  +  2[(SO^)3PeJ 
+  AU;.  Also  by  oxalic  acid  C.,02(0H)2.  Thus  :  rClaAu  + 
3C202(OH)2  =  CCIH  +  6CO2  +'2Au.  Also  by  antimonovs 
CHLORIDE  CljSb.  Thus  :  2CI3AU  +  3Cl3Sb  =  3Cl5Sb  +  Au,. 
Also  hy  SULPHUROUS  ACID  S0(0H)2.  Thus  :  iCljAu  +  30H„  + 
3SO(OH)2  =  6C1H  +  3S0o(0H)„  +  Au.,.  Used  as  a  test  for  tin. 
'■  Purple  of  Cassius  "  Au„Su,  Au„Sn„,  40H„.  Two  oxides,  i.  Au- 
rous oxnjE  Au,,0  =  409.2.  Green  powder;  with  H3N  "ful- 
minating gold."  By  HOK  from  aurous  chloride.  Auric 
OXIDE  Au,03  =  441.2.  Brown  powder.  Or,  as  yellow  hydrate 
AU2O33OH2,  if  precipitated  by  Mg(OH).  from  2CI3AU,  and 
excess  of  MgO  removed  by  dilute  NO^Oll.  At  245°  C.  into 
Auo  +  Oo.  Properties  of  an  acid.  Aurates.  AuO(OK),30H„. 
Sulphides.  Auric  sulphide  SjAu^.  deep  yellow.  By  passing 
SH2  through  dilute  CI3AU.  Aurous-aukic  sulphide  SAu^.SjAil,. 
Black.  Soluble  in  alkaline  sulphides  to  sulpliur  salts.  E.g. 
4SAuNa,2S2N'a2.  Gold  is  used  for  staining  glass  ruby-red,  and 
as  "  Burgos  lustre  ■'  a  double  sulphide  of  Gold  and  Potassium, 
for  gilding  china.    It  is  weighed  as  Gold. 

XLIV.  Platinum  Pt  =  197.1. 

A  tetrad  metal,  always  found  native,  and  as  an  alloy  with 
Palladium,  Osmium,  Iridium,  Rliodium  and  Euthenium  in  the 
Ural  Mountains,  Brazil  and  Ceylon.  Discovered  by  Wood  in 
1 741 .  White  lustrous  metal,  very  malleable  and  ductile.  Sp.  gr. 
21.5  ?.  Melts  at  1460°  C.  A  noble  metal :  its  o.Kides,  by  heat, 
into  Pt  and  O.  Aqua  regia  dissolves  it  as  Platinic  chloride,  and 
it  is  precipitated  from  its  solutions  quantitatively,  by  ammonium 
chloride  as  ajimonium-platinio  chloride  2(ClH4N),Cl4Pt.  By 
heat  into  2C1H.,N  +  Ch  +  Pt.  Thus  is  "spongy  platinum"  pre"- 
l^ared.  Another  Ibrni  of  more  finely  divided  platinum,  "'platinum 
black,"  is  obtained  by  boiling  a  t-tilution  of  jilatinous  chloride 
in  strong  HOK,  and  adding  alcohol.    In  tliese  conditions  it 
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condenses  O  in  its  pores  :  "  Dobereiner  lamp."  AUoys.  Lead 
and  Bismuth  to  bo  avoided  in  vessels  of  platinum,  or  on  platinum 
foil.  Also  pliospliorus,  or  phosphates,  with  reduciiio;  agents. 
Chlorides,  i.  Flatinous  chlokide  CLPt  =  268.  Of  olive  eolor, 
insoluble  in  water.  Crystallizable  double  salts  with  2CIK,  2ClNa, 
&c.  By  heating  Cl^Pt  at  235°  C.  as  long  as  Cl^  is  expelled. 
^  PiATiNio  cHLOiiiDE  Cl.Pt  =  V)9-  Red-bi'own,  deliquescent 
piism-^.  Unites  with,  2ClH,Cl.,Pt,  60H,.  Also  with,  2ClK,Cl,,Pt : 
2ClH^N,Cl,Pt.  Also  with,  2CICS,  iClRb,  2CIL.  All  of  these 
salts  sutfieiently  insoluble  to  enable  us  to  determine  the  respec- 
tive metals.— [Basic  ammoniacal  derivatives  from  the  clilorides. 
Platosamine  PtH^No.OHj.  Diplatosamine  PtHioN4,20H2. 
Platinajiine  PtH.lSr„,40H,.  Diplatinamine  hydrochloride 
PtHsN^2ClH  (base' not  isolated),  &c.]  Oxides,  r.  Platinot  s 
oxide  PtO  =  213.  Black  hj^drate.  From  CUPt  by  2HOK. 
2.  Pi.ATixic-oxiDE  PtO,  =  229.  As  brown  hydrate  20H2,PtO„. 
Soluble  in  HOK.  Salts  well  characterized.  Sulphides,  i.  Pla- 
TiNors  SULPHIDE  SPt :  black.  2.  Platinic  sulphide  S2Pt. 
Brown-black.    Somewliat  soluble  in  alkaline  sulphides. 

Platinum  may  be  weighed,  either  as  Pt,  or  as  2ClHjN,Cl4Pt 
wliich  contains  44.17  per  cent,  of  the  metal. 

[XIV.  Palladium  Pd  =  106.5. 

A  dyad  metal,  discovered  by  Wollaston  in  1803.  Occasionally 
native  in  cubes  and  liexagonal  plates.    Usually  forms  J  to  r 
per  cent,  of  the  Platinum  ori'S.    Pd  may  be  separated  from  all 
metals  except  Pb  and  Cu,  by  CjNjHg.    Ignited,  leaves  Palla- 
dium.   From  palladium  ores,  after  conversion  into  chlorides, 
and  the  removal  of  Platinic  chloride  by  2C1H4N,  mercuhio 
CYANIDE  CjNjHg  precipitates  palladious  cyanide  CjNjPd.  In 
a  solution  containing  tlie  nitrates  of  Pb,  Cu,  Fe,  and  Pd,  ferric 
and  plumbic  are  precipitated  by  H3N,  and  the  ammoniacal 
solution  containing  ammonia  compounds  of  Cu  and  Pd,  is  pre- 
cipitated by  CIH  ;  palladamine  hydrochloride  Cl2H,;N,jPd  as 
a  yellow,  sparingly  soluble  salt  is  separated  from  which  the  metal 
is  obtained  by  lieat.    Wiiite,  hard  and  lustrous.    Noble  metal : 
its  o.xides  into  metal  and  oxygen  by  heat.    Sp.  gr.  ir.8.  Melts 
at  1360°  C.    Dissolved  by  NO2OH.    Metallic  palladium  takes 
up  982  times  its  volume  of  Hydrogenium,  forming  an  alloy. 
"'I'rom  its  increase  in  bulk  by  the  absorption  of  H,  which  the 
Palladium  undergoes  when  placed  as  the  negative  electrode  in 
aniilulatod  water,  the  density  of  the  metal  Hydrogenium  is 
ascertained  to  be  0,733.     Clilorides.    i.  Palladous  chloride 
CljPd  =  [77.5.   By  evaporation  of  solution  of  Pd  in  aquaregia. 
Brown  hydrate.    Witli  H3N  a  series  of  basic  compounds  like 
those  witii  Pt.    Tims  palladamine  PdH„N20.    2.  Palladio 
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CHLORIDE  Cl|Pd.  Only  in  solution.  iClK.CljPd  in  ruby-red 
crystals.  Palladods  iodide  IjPd,  a  black  powder.  Palla- 
Dous  CYANIDE  CoNjPd  yellow.  Forms  soluble  double  cyanides. 
Oxides:  3.  Pd,d.  PdO.  PdO^.  Palladous  oxide  PdO  =  122.5  is 
the  chief  oxide.  Black  powder.  Also  as  hydrate  by  HOK  from 
palladous  salts.  Sulphides:  three.  Pd,S.  PdS.  PdS,.  Palla- 
dous SULPHIDE  SPd.    Precipitating  CljPd  by  SH,. 

Palladium,  j)recipitated  as  cyanide,  is  weighed  as  Palladium.] 


[XLVI.  Ehodium  Ro  =  104.3. 

A  triad  metal  found  as  an  alloy  of  Platinum,  constituting 
about  h  per  cent.  Discovered  by  Wollastoa  iu  1803.  Obtained 
from  3ClNa,Cl3Eo,90H2,  by  solution  in  water,  and  precipitation 
by  bars  of  zinc.  White  malleable  metal,  of  sp.  gr.  12. i.  Salts 
rose-red  from  p6Sou.  Rhodium  chloride  CI3E.  By  igniting  R 
in  CI.  Oxides :  4  oxides,  Onehase.  Rhodic  oxide  RjO,  =  256.6. 
Greenish-grey  hydrate.    Sulphides  :  two.    EoS.  R02S3.] 

[XLVn.  Ruthenium  Ru  =  104.2. 

A  triad,  never  native  but  in  an  alloy  of  Os,  Ir,  Ru,  and  R. 
Discovered  by  Glaus  in  1845.  Hard,  brittle,  most  infusible 
metal.  Sp.  gr.  11. 4.  Oxydized  when  heated,  or  by  fusion 
■with  NO,OK.  Three  chlorides.  RuCl„.  EUCI3.  RuCl^.  Sulphides. 
SRu.  S3RU2.  S3RU.    Oxides.    RuO.  RVO3.  RuO^.  RUO3.  RuO^.] 


[XLVIII.  Osmium  Os  =  199. 

Discovered  by  Tennant  in  1803  in  Osmium-Ii-idium-Ruthenium . 
Bluish-white  metal  of  sp.  gr.  21.4.  Very  infusible.  Burns  to 
Osmium  tetroxide  OsOj.  From  OsO^  -f  8Hg  -|-  8C1H  =  4OH, 
-I-  ACUHgj  +  Os.  From  the  pungent,  irritating  odor  of  OsO^, 
it  has  its  name  from  ocr^i'?,  smell.  Four  chlorides.  CLOs.  CI3OS. 
Cl^Os.  CloOs.  Tetkaohloeide  C'ljOs.  Red,  crystalline,  fusible 
deliquescent  sublimate.  Five  oxides.  OsO.  OS.O3.  OsO,.  OSO3. 
Os04.  Osmium  tetroxide  OsO^  =  263.  Colorless  needles, 
very  soluble  in  water.  Vapor  irritating  and  poisonous.  SHo 
iu  HGl,  precipitates  black  liydrated  sulphide,  SjOs.] 

[XIIX.  Iridium  Ir  =  198. 

Sometimes  native.  Discovered  by  Tennant  in  1803.  Usually 
as  an  alloy  with  Os.    White  brittle  metal  of  sp.  gr.  21.15. 
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Fiom  ^ClKClJr,  heated  in  a  stream  of  11, :  CIK  removed  by 
^•nXmV    Tiree  chlorides.    Cljr.  Cl3lr.  Cl.Ir^  Three  oxides 
irO  Ir  0   IrO     Three  sulphides.    Sir.  SJr,.  S  Ir.    From  the 
?ha;,  4f  ot  CO  or,  owing  to  the  rapidity  ^vith 
pa<s  into  one  another,  the  name  Iridium  ^vas  given,  from  Ins.^ 

END  OF  INORGANIC  CHEMISTRY. 


ORGANIC  CHEMISTRY. 

Organic  Chemstry  is  the  Chemistnj  of  Carbon  impounds 
Carhou  being  the  most  characteristic  constituent  of  ^11  vegetab  e 
and  animal  matters.  Thus,  when  any  orgamzed  structme  is 
held  ^t  of  contact  with  air  it  blackens,  o--g  ^o  he  p~ 
of  unbumt  carbon.  Most  .•arbon  compounds  contain  only  a  tew 
e  emetits.  They  consist  either  of  Carbon  and  Hydrogen  ;  Carbon 
anToSgen:  Carbon,  Hydrogen  and  Oxygen;  Carbon  and  Ni- 
Uogen  Carbon  and  Sulphur ;  Carbon,  Nitrogen,  and  Hydrogen ; 
Carbon,  Hydrogen,  Oxygen  and  Nitrogen,  sometmies  even  of 
C  H  N  and  0  witli  Sulphur  and  Phosphorus.  ,    .    .  ^, 

Manv  organic  compoikds  are  made  by  synthesis,  in  the  same 

"^^:t"hlr^ady  learnt  that  the  atoms  of  different  bodies 
difier  in  theii-  quantivalence  (p.  2).  As  Hydrogen  forms  the 
moS  simple  compounds,  it  is  best  adapted  for  ascertaining  the 
quautivalence  of  other  elements,  of  which  those  forming  volatde 
hydrides  can  be  divided  into  four  groups  : 

H,  Cll  Br|  ^1  IJ  2.  o{|  S{|  Se{|  1e{l 


^-  H/  H/  H 

HI     HI     HI      HI  „  jT 

3.  H  N  H  P  H  As  H  Sb.       4.  ^  C   g  Si. 
h|     Hj     h)      h)  g)  h) 

Thus  we  find  H,  CI,  Br,  I  and  F  are  monads  ;  0,  S,  Se  and  Te, 
dyads-  N,  P,  As  and  Sb,  tuiads;  C  and  Si,  tetrads. 

The' smallest  particle  of  such  compounds  consists  of  a  coalition 
of  Htom-  called  a  molecule.  As  the  densities  of  all  gases  and 
vipor.s  are  equal  to  half  their  molecular  weights,  equal  volumes 
of  ditl'erent  ga.ses  always  contain  the  same  number  of  molecules ; 
so  that  any" molecule,  in  the  gaseous  or  vaporous  condition, 
occupies  the  same  space  as  two  parts  by  weight  of  hydrogen 

Girbon  is  a  tetrad  element;  its  most  simple  compound  is 
methane  CH,.  By  substitution  of  other  monads,  we  obtain 
CHCl-  CH-^Cl^;  CHCI3;  CCl,,.    By  replacing  the  monads  by 
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dyads,  we  obtain  COo ;  CS, ;  with  triads,  CNH.  When  two  atoms 
of  carbon  unite  with  each  other,  two  out  of  the  eight  units  of 
combining  capacity  saturate  each  other,  so  that  the  result  is  a 
hexad  group;  when  thi'ee  atoms  of  carbon  are  thus  linked 
together,  we  obtain  au  ootad  groujJ. 


C,H„ 


CH, 


H 


H  I 
H  I  H— C— H 

I  H— C— H  I 

H— C— H  I  H— C— H 

I  H— C— H  I 

H  I  H— C— H 

H  I 
H 

Of  course  CI,  Br,  I,  &c.,  may  be  substituted  for  one  atom  of 
Hydrogen,  but  0  and  N  can  only  substitute  respeclively  two 
and  three  atoms  of  Hydrogen.  The  monad  groups  (OH)  and 
(NHo)  can  replace  one  atom  of  hydrogen.    Thus : 


C  H3OH  is  METHANE  C  H4  in  whicli  OH  substitutes  H. 
C2H5OH  is  ETHANE  CoHg  in  which  OH  substitutes  H. 
CjHjOH  is  PROPANE  CgHg  in  which  OH  substitutes  H. 


So  we  have  a  number  of  compounds  in  a  series,  each  of  which 
diflers  from  tlie  next  by  CHj ;  homologous,  analogy  of  consti- 
tution, with  a  difference  in  composition  of  CH„,  or  a  multiple 
of  CH^. 

When  the  different  members  of  a  homologous  series  are  sub- 
mitted to  similar  cliemical  I'eagents,  they  furnish  derivative 
series  iu  which  the  homology  is  still  preserved  ;  such  collateral 
series  are  called  heterologous,  e.g. : 

C  H^  C  H  OH  C  H  O.OH  C  H,0. 
CH,  CHjOH  CHjO.OH  C.,H,0. 
C3H8      C^HjOH      C3H3O.OH  C3H5O. 

When  the  sitccessive  terms  of  a  series  differ  only  by  we  have 
au  isologous  Series.    Thus  : 

ETHANE    GjHg     ETHENE    GMf     ETHTNE  G.M„ 

PROPANE  CgHj     PROPENE  CjHg     PROPINE  C3H4     PROPONE  CjH^ 

Each  vertical  column  forms  a  homologous,  and  each  horizontal 
line  an  isologoi  s  series. 

All  hydrocarbons  contain  an  even  number  of  atoms  of  hydro- 
gen, as  a  consequence  of  tlie  tetrad  character  of  the  element 
carbon.    Further,  it  follows  that  the  sum  of  the  atoms  of  monad 
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and  triad  elemonts,  contained  in  the  molecule  of  a  carbon  com- 
pound, must  also  always  bo  an  even  number. 

Carbon  compounds  having  the  same  percentage  composition, 
but  ditlering  in  their  physical  and  chemical  properties,  are 
called  isomeric.  All  true  isomeric  compounds  contain  the  same 
number  of  carbon  atoms  linked  together.  Polymeric  bodies 
are  such  as  have  the  same  percentage  compo.sitiou  but  ditierent 
molecular  weights.  Ethene  C.,Hj,  peopbne  CjH,,,  and  butene 
C^l^g  are  polymeric.  Metameric  bodies  have  the  same  per- 
centage composition  and  the  same  molecular  weights,  e.rj. : 


Here  we  have  CsHgN,  constituting  three  metameric  bodies  in 
wliich  different  radicles  are  linked  together  by  tiie  same  poly- 
genic element. 

Most  carbon  compounds  are  liquid  or  solid.  The  more  volatile 
a  substance,  the  more  simple  is  its  constitution.  In  homologous 
series  the  boiling-point  must  rise  by  each  added  CHo ;  in  some 
cases  it  does  so  with  great  regularity.  In  the  norm'il  alcohols 
there  is  a  regular  difference  of  ig°C.  between  each.  Thus  ethyl 
ALCOHOL  CoHjOH,  boils  at  78°. 4;  peopyl  alcohol  CaH^OH,  at 
97°;  BCTYL  alcohol  C^H.jOH,  at  ii6°C. 

When  the  difference  in  the  boiling-points  of  two  bodies  is  con- 
siderable, it  is  possible,  when  mi.Ked  together,  to  separate  them 
by  fractional  distillation :  the  more  volatile  body  distils  at  a 
nearly  constant  temperature. 

The  determination  of  the  composition  of  carbon  compounds 
is  by  organic  analysis.  A  known  weight  of  the  body  to  be 
analyzed  is  burnt  in  contact  with  an  easily  ri-ducible  metallic 
oxide,  generally  cupric  oxide.  The  Carbon  is  burnt  into  car- 
bonic anhydride  COj,  and  the  Hydrogen  into  water  0H„.  The 
resulting  compounds  are  collected  and  weighed.  Nitrogen 
is  determined  by  heating  with  soda-lime  and  collecting  the 
Ammonia  HjN  in  CIH,  and  weighing  as  ammonium  platinic 
CHi-OFiiUE  2ClH,N,Cl,,Pt.  If  the  Nitrogen  cannot  bo  completely 
converted  into  H3N,  it  must  l)o  separated  in  the  free  state,  and 
collected  over  mercury.  Oxygen  is  estimated  by  the  loss.  Oom- 
jioniids  containing  Chlorine,  Bromine  and  Iodine  are  heated  in  a 
narrow  combustion-tube  with  pure  calcii  m  o.'^jdl.  Sulphur  and 
Phosphorus  are  determined  by  heating  the  carbon  compound 
with  SonruM  carbonate  and  Potassium  nitrate,  or  even  by 
oxvdathjn  with  Nitric  acid  in  sealed  tubes.  In  both  cases, 
the  sulphuric  and  phosphoric  acids  are  estimated  by  common 
analytical  n)etliods.  In  a  similar  manner  are  bodies  treated 
which  contain  Arsenicum,  Eoron,  Silicon,  &c.    In  metallic  salts 
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of  oi-Kanic  compounds,  ignition  occasions  either  the  separation  of 
metal,  of  oxide,  or  of  carbonate.  The  empirical  formula  ot  a 
compound  is  easily  obtained  by  dividing  the  percentage  compo- 
sition by  the  respective  atomic  weights.  Thus  with  carbonyl 
CO.    It  consists  of : 

Carbon    ;  42-858 

Oxygen  5  7- 

100.000 

Now  42.858-^12=  3-57^.  and  57.142 -4- 16  =  3.57r-  }^ 
therefore  obvious  that  the  simplest  formula  for  carbonyl  is  CO, 
composed  of  one  atom  respectively  of  Carbon  and  of  Oxygen. 

For  determining  the  vapor-density,  we  ascertain  either  the 
weight  of  a  given  volume  of  vapor  (Dumas'  process),  or  the 
volume  of  a  given  weight  of  vupor  (Gay-Lussac's). 

I.  Mono-carbon  or  Methane  group. 

Methane  CH.,  =  16.  Found  as  fire-damp  and  marsh-gii?. 
Colorless,  inodorous  gas,  little  soluble,  inflammable  with  scarcely 
luminous  flame.  Sp.  gi'.  8.  A  mixture  of  OH  +  2C 1,  explodes 
in  sunli-ht  to  4CIH  +  C.  By  diiiused  light  lutoCHjCl,  OH„U,. 
CHCI3  and  CCl,.  Prep.  p.  n.  Also  by  nascent  upon  ta- 
chlormethane  or  cliloroform.  CHCI3  +  3H2  =  3OIH  +  tH^. 
Ac^ain  by  20H.,iipon  zinc  methide  ZnCCHj),  =  zi5«;  hydroxide 
Zu(OH),  +  CHV  Methane  is  the  first  of  the  paraffins  C„H„„+j ; 
it  is  a  saturated  hydrocarbon  which  cannot  unite  directly  with 
CI  Br  I  and  other  monads.  It  may  however  take  up  any 
number  of  dyad  elements  or  ratUcles,  because  such  a  radicle 
introduced  into  any  group  of  atoms  neutralizes  one  unit  ot 
equivalency,  and  adds  another.  Thus  methane  is  the  first  ot  an 
homologous  series  of  paraffins.  CH.CH,  =  C,H  or  one  atom  of 
H  displaced  by  CH3.  E.q.  CH4 ;  C„H„,  p.  s»i  ;  C3H,,  p.  100  ;  C^H,,,, 
p.  104;  C,H,„,  p.  106;  C,H,„  p.  108,  &c.  Methane  moy  be  de- 
prived of  a  molecule  of  H^,  and  give  rise  to  a  dyad  radicle  the 
first  of  an  homologous  series  CH, ;  C,H, ;  C3H, :  C,H,.  a.  Chloro- 
methane  or  methyl  chloride  CH3CI.  Colorless  gas  ot  sweetish 
taste,  but  little  soluble  in  water.  Burns  with  pale  flame.  1  rep. 
I.  From  n>ethane,  by  01,  in  difi-used  daylight.  A  .0  by  dis- 
tilling methyl  alcohol  with  sodium  chloride  and  sulphuric^acid. 
CH3OH  +  01Na+S0.(OH),  =  SO,(OH)(ONa)  +  OH.  +  CH3CI. 
Successively  by  chlorine  into  methene  chloride  CHXl,;  me- 
THENYL  CU1.0RIDE  CHCI3  and  CARBONIC  CHLORIDE  CCl,.  Methyl 
bromide  CH3Br.  Coloil .ss  liquid,  boiling  at  15  C  Methyl 
iodide  CH3I.  Boils  at  45°  C.  Practically;  CH30H  +  IH  = 
OH  +CH3I    [&.  Methene  chloride  ClLCIj.    Methene  bromide 
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CHoBr.,.  Methene  iodide  CHJ...  By  IH  upon  mothenyl  iodido.] 
c.  Chloroform  is  trichlor-methane  or  methenyl  chloride  CHCI3. 
Colorless,  mobile  fluid  of  sp.  gr.  1.525  at  0°  0.  Boils  at  6  5° .  5  0. 
Of  pleasant  smell,  and  sweet  taste.  Little  soluble  in  water  ;  very, 
in  alcohol  and  ether.  By  digestion  with  alcoholic  potassium 
hydroxide,  into  zOhU  +  3CIK  +  potassium  formate  CliO(OK). 
By  ammonia,  in  pre.sence  of  KOH  into  4OI-L  +  3CIK  +  CNK. 
Solvent  of  I,  Br,  P,  alkaloids,  resins,  &c.  Great  anassthetic. 
Does  not  redden  litmus  or  precipitate  NOo(OAg.)  Sp.  gr.  1.49 
at  r;°  C.  [Heated  with  NO.,OH  at  100°  0.  for  some  time,  into 
methane-niti-o-chloride  or  chloropicrin  CNO2CI3,  a  colorless 
liquid,  exciting  to  tears.]  Prep.  By  alkalies  upon  chloral 
CCI3COH.  Thus:  CCI3COH  +  KOH  =  potassium  formate 
CHO(OK)  +  CHCI3.  Also  by  boiling  tri-chloracetic  acid  CCI3, 
COOH  with  2H01i  =  OH,  +  COCOK),  +  CHCI3.  Also  by  01,  in 
presence  of  hydroxides  upon  methyl  or  ethyl  alcohol :  practically 
by  distilling  alcohol,  water  and  chloride  of  lime.  Probably  first 
chloral  CCI3COH,  and  5CIH,  and  then  the  chloral  by  Ca(0H)2 
=  calcium  formate  and  chloroform  CHCI3.  Methenyl  bromide 
CHBr3.  Colorless  lic[uid,  odorous,  like  chloroform,  of  sp.  gr.  2  ; 
boils  at  15  2°  C.  Methenyl  iodide  CHI3,  in  yellow  tables,  with 
odor  of  saifton.  Milder  tliau  iodine,  d.  Carbon  chloride  CCI4, 
is  a  colorless,  ethereal  fluid  which  boils  at  78°  C.  Prepared  from 
CHCI3  by  CU  =  CIH  +  CCl^.  When  digested  with  6K0H  = 
4CIK  +  3OH,  +  C0(0K)2.  NB.  By  nascent  H.,  into  CHCI3  or 
CHoCl,  or  CH3CI  or  CH,,.  [Nitro-methane  CCNOj)^.  Tri-nitro- 
METHANE  CH(N02)3  IS  nitro-form.] 

By  digesting  the  chloride,  bromide  or  iodide  of  methyl,  with 
potassium  or  sodium  hydroxide,  hydroxyl  is  substituted  for 
the  halogen,  and  we  obtain  the  first  of  an  homologous  series, 
the  Alcohols.  The  monatomic  alcohols  are  derivatives  of  tiie 
paraffins  foiined  by  the  substitution  of  one  atom  of  OH  for  one 
atom  of  H. 

JIETHANE  .  .  .  C  H4.  METHYL  CHLORIDE  .  C  H3  CI. 
ETHANE  ....  CjHg.  ETHYL  CHLORIDE  .  CjH,  CI. 
PROPANE  ....  C3Ha.  PROPYL  CHLORIDE  .  C3H,  CI. 
BUTANE  ....  C,,H,„.  BUTYL  CHLORIDE.  .  C.|H„  CI. 
PENTANE  ....      CjHij.      PENTYL  CHLORIDE      .  CjHuCl. 

METHYL  HYDROXIDE  .  .  C  H3  OH. 

ETHYL  HYDROXIDE  .  .  CoHj  OH. 

PROPYL  HYDROXIDE  .  .  C3H7  OPI. 

BUTYL  HYDROXIDE .  .  .  C,Hg  OH. 

A.MYL  HYDROXIDE  .  .  .  C.H,iOH. 

Methyl  hydroxide,  or  methyl  alcohol  CH3OH,  or  HCHoOH. 

Woudspirit,  or  jpuroxylic  spirit,  called  Carbinol  by  Kolbe,  tlie 
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first  term  of  homologous  alcohols,  in  which  monad  radicles  of 
the  form  G„U^„+^  replace  one  atom  of  H.  Wiieve  the  monad 
group  in  an  alcohol  of  the  form  C„Hj„+,  occm-s  but  once,  we 
have  Primary  Alcohols;  if  the  replacement  occurs  twice,  we 
obtain  a  Secondary  Alcohol ;  but  if  three  units  of  H  in  carhinol 
are  replaced  by  three  such  groups,  we  have  a  Tertiary  Alcohol. 
Carbinol  CH3.OH  or  HCHj.OH. 
Primary  carbinol.  Secondary  carbinol. 

CH,(C„H„,.+,).OH.  CH(C,.H„„+,)2-0H. 

Tertiary  carbinol. 
C(C„H,,.+,.)30H. 

Carbinol,  or  methyl  alcohol,  is  then  a  colorless  liquid^  of 
penetrating  odor,  inflammable  and  volatile.     Sp.  gr.  at  o  L. 
o  8142.    Boils  at  65°.  ^  C.    Miscible  with  water  m  all  pro- 
portions, as  also  with  ethyl  alcohol  and  ether.    Solvent  of  resiiis. 
Alkalies  dissolve  and  color  it  brown  (Uke's  test).    Bm^s  \vith 
paler  flame  than  alcohol.    Two  stages  of  oxydation.    i.  LHgUri 
+  O  =  OHo  +  roRMYL  aldehyde  CHOH.     2.  CH.OH  +  O  = 
rORMic  acid'  CHO.OH.    Prep,  by  destructive  distillation  of  w^od, 
neutralizing  with  Ca(OH),,  redistilling,  rectifying  over  GaO. 
Uniting  with  calcium  chloride  :  Cl2Ca,2CH30H,  and  decompos- 
ino-  the  latter  by  water.  Or  from  methyl  oxalate  C.OjCOOHj)^ 
by° distillation  with  sulphuric  acid.    Also  by  saponification  ot 
oil  of  Wintergreen,  GauUheria  procumhens  with  potassium 
hydi-oxide.    Methyl  salicylate  CeHj0HC0.0CH3  j- KOH 
C  H,.OH.COOK  +  methi'l  alcohol  CH3OH.    Artificially  by 
Berthelot.      1.  S,C  -f  7SH,  +  4Cu,  =  4SCu,  +  CH,.  Then 
OH,  +  CU  =  CIH  +  OH3CI.      And  CH3CI  -(-  KOH  =  CIK  + 
methyl  alcohol  CH3OH.    "Methylated  spirit"  is  a  mixture  et 
90  per  cent,  of  ethyl  alcohol  with  10  per  cent,  of  metliyl  alcohol. 
Methyl  alcohol  dissolves  Na,  which  displaces  the  H  ot  OH, 
and  gives  a  solid  sodium  methylate  CH30Na.    Distilled  witb 
methyl  chloride  or  chlorq-methane  CH3CI,  into  methylio 
ether  CH^O.CHj  -f  ClNa.    With  sulphuric  acid,  methyl  "Icohol 
gives  methyl-sulphuric  acid  SO.COHXOCHj),  in  which  the  H  of 
OH  can  be  replaced  by  metals.      Dimethyl-sulphuric  acid 
SO/OCH,),.   By  distilling,  we  obtahi  methyl-ether  LHs.U.Cils, 
a  pieasant-smelling  gas,  fluid  at  -  2  5°  C.   N.B.  In  the  formation 
of  an  ether  two  molecules  of  an  alcohol  part  with  one  molecule 
of  water.    Thus  :  2CH3OH  =  QH,  4-  CH3OCH3.  Methyl-alde- 
hyde HCOH.     Colorless  gas.  obtained  by  oxydation  ol  vapor 
of  methyl  alcoliol  over  red-hot  platinum.    Keduces  Ag,0,  ami 
becomes  oxydized  to  formic  acid  HCOOH.     Au  aldehyde 
(alcohol  dehydrogenatus)  is  derived  from  an  alcohol,  by  elimiim- 
tion  of  Hj  in  immediate  connection  with  hydroxyl  or  ot  the  H-, 
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which  belongs  to  the  group  CH^OH.    The  aldehydes  are  mtor- 
mediate  between  alcohols  and  acids.    Thus :  HCH,OH  +  0  = 
OH..  +  METHYL  ALiiEHYDE  HCOII.    A  polymorio  uiodilieation  of 
this  "-aseous  aldehyde  exists  iu  a  solid  state  ;  probably  H3O3O3H3. 
Formio   acid  HCO.OH.     Colorless   liquid,  of  very    acid  and 
piquant  odur.   Boils  at99°0.  and  is  crystalline  at  8°. 5  C.    It  is  ■ 
miscible  with  water  in  all  proportions,  and  is  an  energetic  mono- 
basic acid,  the  first  of  an  homologous  series— the  fatty  acids. 
It  is  contained  in  red  ants,  in  the  sting  of  nettles,  wasps, 
and  bees,  &c.    Prepared  by  Berthelot :  CO  +  HOK  =  HCOOK. 
Most  easily  by  heating  at  100°  0.  equal  parts  of  glycerin  and 
oxalic  acid  :  the  latter  (CO.OH),  =  C0„  +  HCOOH.  Heated 
with  SO,(OH>  =  OH2  +  CO.    With  Ag^O  into  Ag^  +  OIL  + 
COo.    Formates.    Ammonium  formate  HCO.OH^N,  crystal- 
lizes in  prisms:  heated  into  :  2OH,  +  hydrogen  cyanide  CNH. 
Copper    formate    (CHO).,02Cu,40H.,,  and   lead  formate 
(CHO).,0„Pb,  are  most  characteristic.   By  distilling  HCO.ONa+ 
HONa  =  C0(0Na)2  +  H„.    But,  by  distilling  alone  :  HCOONa 
+  HCOONa  -  CO(ONa)„  +  HCOH.      Methyl  formate 
HCO.OCH3  is  a  colorless  liquid,  which  boils  at  33  .°4  C.  Theo- 
retically, the  anhydride  of  formic  acid  is  obtained  from  two  mole- 
cules, by  tiie  loss  of  one  molecule  of  water.    Thus :  liCOOU  + 
HCOOH  =  OH2  +  HCO-O-HCO.    Formamide  (HC0)H2N  is  a 
colorless  liquid,  boiling  at  194°. 

Carbonic  anhydride  COj.  Hypothetical  carbonic  acid  CO(OH)o. 
Id  chloro-carbonio  acid  COCU,  Clj  substitutes  (OH)^  in  car- 
bonic acid,  or  one  atom  of  0  in  COj.  Formed  from  CO  +  Clj  in 
sunlight.    Called  phosgene. 

Carbonic  sulphide  SCS  =  CSj  is  the  analogue  of  C0„.    P.  12, 
A  colorless  liquid  of  sp.  gr.  1.27.    Boils  at  46°  C.  CS„  -I-  SKj  = 
CS(SK),.    By  nascent  H,  into  metuyl-sllphaldehtde  HCSH: 
CS,  +  2H2  =  S^H  +  HCSH.  [Also  CS(SH),.  CSSHOH.  COSHOH.] 
Mkthyl-sulphydrate  CH3.SH,  is  methyl  mekcaptan.  Color- 
less, mal-odorous  liquid,  boiling  at  21°  C.    Prep,  by  action  of 
HSK  upon  CH3Cl  =  ClK-t-CH3SH.    Methyl  sulphide  CH3SCH3 
is  the  analogue  of  inethyl-etlier.    It  boils  at  41°  C,  and  is  pre- 
pared by  using  KSK  with  2CH3CI.    [Carbonic  oxy-sulphide 
COS  colorless  gas.    Carbonyl  sulpho-chloride  ClCSCl,  by  CU  on 
CS,.    Thus:  SCS  +  2CI2  =  ClSCl  +  ClCSCl.]  Hydrogen  cyanide 
CNH  may  be  regarded  as  methane  in  wliicli  nitrogen  substitutes 
three  atoms  of  hydrogen  ;  hence  (iznmelhane.    It  may  also  be 
called  a  nitrile,  a  compound  of  nitrogen  with  a  trivalent  radicle 
jiethenyl.    One  common  method  of  obtaining  a  nitrile  is  by 
de-hydrating  the  ammonium  salt  of  the  fatty  acid  by  PzOj. 
Thus;  HC00H,N-20Hj  =  CH"'N  or  CNH.    And  the  con- 
verse :  CNH  -I-  2OH2  =  HCOOH.N.    Cyanogen  C^N^,  or  di- 
cyanogen,  as  it  is  represented  molecularly,  is  a  gas,  colorless,  of 
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pungent  odor  resembling  prussio  acid.    Sp.  gr.  r.8o.  Water 
absorbs  four  to  five  vols.    Under  pressure  of  lour  atmospheres 
into  a  colorless  liquid  which  boils  at  —  21°  C,  and  solidifies  ut 
—  34°  C.  Burns  with  rose-colored  flame.    Passed  into  strong 
CIH,  it  fakes  up  two  of  OH.  and  becomes  oxamide  CjO/NHo),. 
And,  in  water.  Cyanogen  by  4OH,  into  ammonivm  oxalate 
(CO.OH,N)„.    Parsed  into  sol.  of  HOK  into  cyanide  and 
cyanate:  2"HOK  +  C„N„  =  CNK+CNOK+OH,.    Frep.    a.  By 
heating  mebcukic  cyanid'e  =  Hg  +  C„N„.   A  portion,  into  brown 
solid:  PAiiACYANOGEN  (C3N3),,  a  polymeric  modification  of  CoN,. 
h.  By  passins?  air  over  a  red-liot  mixture  of  potassium  carbonate 
and  charcoal :  00(0K)o  +  4C  +  N„  =  2CNK  +  3CO.  Cyanides. 
Cyanogen  is  a  monad"  radicle.    Unites  with  H.  Hydrogen 
cyanide  CNII  is  commonly  called  prussic  acid.    1 78  2  by  Scheele. 
Anhydrous  acid  is  a  colorless,  volatile  liquid,  of  sp.  gr.  0.7058 
at  5°  C,  boiling  at  26°.  5  C.    Feebly  acid.    Odor  as  of  peach- 
blossoms.     Very    poisonous.     When  inhaled  even  in  small 
quantities,   produces   headache,   giddiness,    &c.    Antidotes  : 
chlorine,  water,  ammonia,  aifusion  of  cold  water.    Cannot  be 
preserved  in  the  light ;  deposits  paracyanogen,  evolves  ammonia, 
and  ammonium  iormate  always  in  solution.    Used  as  medicine. 
Prep.  Anhydrous  acid.      CNHgCN  +  SH.  =  SHg  +  2CNH. 
Of  ordinary,   a.  From  bitter  almonds,  by  tlie  action  of  moist 
synaptase  upon  amygdalin  CooH.jNOji.sOH,.   17   gndns  of 
amygdalin  dissolved  in  i  oz.  of  sweet  almonds-emulsion  would 
yield  i  grain  of  CNH.    The  ordinary  acid  of  the  Pharma- 
copojia  contains  2  per  cent,  of  CNH. "  Now  100  grains  of  tar- 
taric acid  dissolved  in   2  oz.  of  water,  to  which  44  grains 
of  CNK  have  been  added,  will,  when  decanted,  jdeld  an  acid 
of  desired  strength.    From  CNK  by  dilute  SO„(OH)„,  2OH2 
=  SO„OH.OK  +  CNH  -1-  20H„.  Also  from  potassium  ferrocya- 
uide.  '  Tests  :  volatility,  formation  of  silver  cyanide,  of  Prussian 
blue  and  of  ferric  sulphocyanide.    Potassium  cyanide  CIsK. 
In  deliquescent,  colorless  cubes.    Alkaline  reaction,  as  in  water 
into  hydi'ocyanide  of  potash :  emits  CNH.    Soluble  in  alcohol. 
Fuses  at  red-heat.    K„  burns  when  heated  in  C^Na  into  2 CNK. 
Most  easily  by  heating  potassium  ferrocyanide  with  C0(0K)„ 
and  carbon  =  j.CO  -|-  Fe  -|-  6CNK.    Potassium  cyanide  dissolves 
iron.    In  presence  of  air:  6CNK  -t-  Fe  -f  0H„  +  0  =  2HOK 
-1-  C,  N,FeK,.  In  absence  of  air  :  6CNK  4-  Fe     20H„=  2HOK 
-f-H„  +  C„N„FeK,.— 18CNK  -t-  iCUFe  +  2Cl„Fe„  =  18CIK  4- 
CisN'igFe,.    Ammonium  cyanide  CNH^N,  in  colorless  cubes : 
volatile.    Very  poisonous.  By  subliming  mixt  CNK  +  C1H,N. 
Silver  cyanide  CNAg.  white,  amorphous,  soluble  in  strong 
NO2OH,  H3N  and  in  CNK.    Soluble  to  CNK,CNAg,  a  double 
salt.    To  estimate  CNH,  add  to  measured  quantity  HOK.  and 
then,  by  a  burette,  solution  of  NOjOAg  until  permanent  precipi- 
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ttite  appears.  As  soon  as  lialf  the  quantity  of  CNH  is  changexl 
into  CNA-,  one  additional  drop  precipitates  white  taNAg 
permanent  ijo  parts  of  NO,OAg  correspond  to  130  pai^s  ot 
CNK  and  54  parts  of  CNH.  Merctric  cyanide  C.N.Hg  in 
rectangular  prisms.  2CNH  readily  dissolve  precipitated  HgO 
=  oh!  +  c!N,Hg.  Prep.  CoN.FeK.  +  3S0,Hg  =  2bO,K,  + 
SO  Fe'+  3C:N:Hg.  AuROUS  cyanide  CNAu,  lemon-yellow 
powder,  not'  decomposed  even  by  boiling  acids.  CNK.LMAu 
much  used  in  electi-o-gilding.  Nickel  cyanide  C,N,Ni,  apple- 
green,  readily  soluble  to  2CNK,C,N,Ni,  re-precipitated  by 
CIH  Cobalt  cyanide  C.N„Co  is  brownish-red,  easily  soluble 
in  cisTK.  But,  when  slightly  acidulated  and  boiled,  H^  is  given 
off  and  potassium  cobalticyanide  is  obtained,  not  precipitated 
by  CIH  :  used  to  separate  Ni  from  Co.  Titanium  nitro-cyanide 
C  N  Ti  ""N  Ti 

"'Ferrocyanides.     Ferrocyanogen   is  tetrabasic.  Potassium 
FERROCYANiDE  C,N„FeK,.  3OH,.     Yellow  prussiate  of  potash. 
In  lart'e  lemon-yellow  crvstals,  derived  fi'om  an  octahedron 
with  a  square  base.    Soluble  in  4  of  cold,  and  2  of  boiling  water 
Insoluble  in  alcoliol.     Not  poisonous;  P^'i'gative.    Source  of 
CNH:  2C,NeFeK,  +  6(SO,H„20H,)  +  aq.  =  6feO,(OH)(OK)  + 
I20H,  +  aq.  -f  f.CNH  -t-  C,N„Fe„K,,  known  as  Everitt  s  salt. 
Also  o(  CNK  (see  above).    C.N^FeK^  at  red -heat  =  4CNk  + 
CFe-l-No     With   SO,H„  yields  CO.     Thus:  C„N,,FeK, -t- 
6(S0,H„dH,)  =  2S0,X0K),.+  SO  (C),Fe)  +  3[S0  (OH^^  1 
+  6C0.     In  this  last    reaction  CNH  +  Otl^  =  CO  +  H3JN . 
Prep  of  the  salt.    From  dry  animal  matters,  as  horn,  hoofs,  &c., 
at  a  red-heat,  in  contact  with  CO(OK),  and  iron-filings.  The 
CNX  produced,  reacts  when  water  is  added  upon  the  iron see 
above)  and  upon  lerrous  sulphide :   6CNK  +  SFe  =  SK,  -|- 
C  N  FeK.     Largely  used  in  making  "  Prussian  blue,  and  is  a 
delicate  test  for  a  ferric  salt:  iCl^Fe^  +  3CoN,FeK,  =  12GIK 
-1-  2Fe„3FeC,iN6.     With  a  ferrous  suit,  a  wliitc  precipitate 
C  N  Fe,K,,  turning  blue  on  exposure  to  air.    Tlius:  CoNoFflv^ 
+  sb.Fe  =  HO,K„  +  C„NsFe,K2.  or  Everitt's  salt.    By  air : 
6C„N>e„K„  +  3O  =  Fe,03  +  3C„N„FeK,  +  iFe.Cy^jFeC.N,. 
CuPRic  FERROCYANIDE  CcNoFcCUj,  red-brown  :  a  test  for  cupric 
salts.    Hydrogen  eerrocyanide  CoNoFeHj  =  CfyH^.  White 
scales,  insoluble  in  ether.    Powerfully  acid  solution,  very  soluble 
in  water,  and  blues  on  exposure.    Ag^,  Pb^,  Zn^,  Mn^  and  Bi 
ferrocyanides  are  white  and  insoluble.    Perricyanides.  Feiri- 
cvanogcn  is  hexabasic.    Potassium  ferricyanide  CisNjjFeJ^a 
is  "  red  prussiate  of  potash."    Euby-red  prisms,  freely  soluble  in 
water.    By  passing  Clj  through  sols,  of  2C„N„FeIt,,  =  2CIK  4- 
C  N  FcjKg     An  oxydizing  agent  in  alkaline  solutions,  thus  : 
4HOK  +  2C„N„Fe.,K„  =0,-1-  2OH,  -I-  4C„N„FeK,.    A  •  le.t 
for  ferroua  :  jSO.Fe  +  G.jN.jFcjKo  ^  iSO^li^  +  CuNijFejFej, 
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"TumbuH's  blue,"  No  precipitaie  with  ferric  salts,  onl)'  bniwn- 
ing.  Hydhogen  febuicy'Anide  C,„N,.J*\'„H,j  in  red,  unstable 
crystals,  by  decomposing  lead  ferricyanide  by  SH,  and  evapora- 
tion. [Nitro-prussides.  Sodium  nitkopui-sside  GsNsNOKeNao, 
ruby-red  crystals.  By  disiestinp:  C^NsFcoNa  with  NOuNa 
4-  OH2  =  Fe(0H)2  +  CjN^FeNUNao  Generally  by  action  of 
nitric  acid  upon  sodium  ferrocyanide.  Test  lor  alkaline 
sulphides :  gives  purple  color.  Hydrogen  nitko-prcsside 
in  crystals.]  Cobalticyanides.  Potassium  cobaltica'anide 
(CN),„Co2K,3,  in  yellowish,  idattened  prisms,  isomorplious  with 
G,.,N,,,Fe,,K|;.  "Chromicyanides.  Potassium  chromicy-anide 
(GN)i",Ci",Kui  brownish-red  prisms.  Potassium  manganocyanide 
(CN)5'Mnk„30I-L,  deep-blue  square  tables.  Potassium  man- 
ganicyanide  (GN'),„MnjKu  deep-red,  rhombic  prisms. 

Cyanogen  and  Chlorine.  Cyanogen  chloride  CNGl,  a  liquid 
boiling  at  i2°.6G.  ISy  action  of  CU  upon  CNH.  Polymeric 
moditication  C3N3CI3,  a  solid,  by  pass'ini;  CL  into  a  solution  of 
GNPI  in  ether.  CNBr,  in  needles.  GNI,  in  needles.  By  action 
ofL  upon  GoN.Ha:.  Gyanamide  GNH„N  from  GNCl-fiHjN 
=  CIH^N  +  CNH^N.  Methyl  cyanide  H3CCN  =  (C,H3)N  is 
L'lhenijl  nitrih.  Also  calletl  aceto-nitrile,  because  it  can  be 
prepared  from  acetainide  by  loss  of  OHj.  GaHjOHoN  —  OH, 
=  CHsN.  By  distilling  GNK  with  80,GH3K  =  SOJv„  -|- 
HjCCN.  Boils'at  77°G.  By  heating  with  KOH  (ab.soiption  of 
:0H„),  into  H3N  and  salt  of  corresponding  fatty  acid.  As  GNH  -f 
lOHo"  =  H3N  +  HGOOH,  so  H3GGN  +  :0H„  =  H3N  -|-  acetic 
acid.'  CH3COOH.  Methyl  isocyanide  H3GNC',  boils  at  5  y°  C.,  of 
very  repulsive  odor.  From  GH3I  with  GNAg.  In  isocyanides, 
0  directly  united  with  pentad  N.  AVhen  isocyanide  treated  with 
HOK,  an  amine  jiroduced  (an  alcoholic  ammonia)  and  formic 
acid.    Thus:  UsGNG  +  =  methylamine  NlCHj)!!; -1- 

HGOOH. 

Cyanic  acid  CNOH,  limpid,  colorless  liquid,  pungent  like  acetic 
acid.  By  OH,  into  PI3N  and  C0„,  which  unite  to  GOCOHXOHjN), 
and  cannot  "be  separated  by  acids  from  cyanates.  Ghanges 
spontaneously  into  solid  cyamelid  (isomeric  .  Prep,  of  CNOH: 
distilling  the  polymeric  modification  cyanuric  acid  (G\)3(0H)3 
=  jCNOH.  Cyanates:  by  oxydation  of  cyanides.  Potassium 
CY'ANATE  CNOK,  crystallizes  from  alcohol  in  thin,  transparent 
plates.  Frep.  GNlv"+  PbO  =  Pb  -f  GNOK.  Slowly  by  moisture 
into  H3N  and  GO(OH)(OK).  Ammonium  cyanate  GNOH^N. 
By  mixing  vapor  of  CNOH  with  H3N,  a  white  crystalline  solid. 
Witli  GIH,  evolves  G0„,  and  with  HOK,  anuuonia.  But,  if 
heated,  into  urea  CO(H„N).,  which  is  motamerie  with  cyanate  of 
ammoiiinin.  [Cyanuric icid"(CN)3(0H)3, :0H„  =  CsNjOjHj.^OH,, 
colorless,  oblique-rhombic  prisms.  Tri-basic.  Little  soluble. 
Very  stahle.    By  passing  dry  CI...  over  melted  ui-ea  GO.HjNjj 
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and  removing  H.NCl  by  %vatcr.  fiCOCH^N),  +  3CU  =  2CIH  + 
>[„  +  4H_|NCl  +  2C3N3O3H3.  I3y  lieat  into  cyauic  afid.  Ful- 
mkic  acid  0.,N..O„H..  not 'known  in  free  state.  Dibasic.  Silver 
FULMINATE  C„K,(lAg.„  white  crystalline  plates,  soluble  in  36  ot 
boiliii"-  water.  "  Kxploiies  violentlv  when  liealed  or  rubbed. 
2NO..OA2;  +  N.,03  +  CoH,OH=  20H„+  2N0.,0H+C,,N,0„  A,<r„. 
HIeucuric  fulminate  U.,N„0„Hg  resembles  the  silver  salt.  In 
percussion-caps.  Fuhiiinuric'acid  (JsNsHoOjOH  is  mono-basic. 
Alsn,  isocvanurie  acid."]  _ 

Urea  c6n.,H,  =  CO(H.,N).„  the  most  abundant  constituent  ot 
the  urine,  Wiisartiflciallv  produced  by  Woehler  in  1^28  from  am- 
monium cyanate  CNOH.,N  by  heating  to  100°  G.    In  the  urine 
of  man  it  varies,  but  may  be  said  to  average  1.4  per  cent.  It 
crystallizes  in  long  striated  needh-s.  very  soluble  in  water  and 
in  alcohol.    By  2NOOH  =  CO,  +  2N,  -1-  3OH3.    By  chlorine  : 
CON„H,  +  0H„  +  3CL  -  6HC1  +  C0„  +  N^.  Heated  to  1 20°  C, 
it  fuses  and  decomposes  into  ammeline  C3N30H(H„N)o  and  at 
150°  C.  into  biuret  CH-NjOj  [and  biuret  (3)  into  3H3N  4- 
^(CiSr)3(OH)3.]    Urea  unites  with  NO,OH,  in  shiny  scales  or 
rhombic  prisms  to  nitrate  C0(H2N),,Nb„0H  very  little  soluble.  » 
Obtained  by  evaporating  urine  to  syrup,  and  after  filtration 
fidding  its  own  bulk  of  nitric  acid.    Urea  from  this  nitrate  by 
COO,Ba,  evaporation  and  solution  iu  boiling  alcohol,  in  which 
barium  nitrate  insoluble.     Oxalate  (C00H)22C0N„H^  in 
transparent  prisms.    Urea  from  this  oxalate  by  Calcium  car- 
bonate and  solution  in  water.    With  mercuric  nitrate  urea  forms 
three  compounds,  and  unites  also  with  HgO  and  other  bases. 
Heated  with  OH,  iu  closed  tubes  at  100°  C,  into  carbonate  of 
ammonium.    It  is  the  Diamide  of  carbonic  anhydride,  and  con- 
tains the  elements  of  ammonium  carbonate  minus  2OH2.  Iso- 
meric with  CARBAMIDE,  but  uot  identical,  as  wiieu  heated  with 
alkaline  solution  of  potassium  permanganate  it  gives  off  its 
Nitrogen  as  such,  whereas  carbamide  has  its  N  oxydized  to 
nitric  acid.     Artificially  prepared  from  chloro-oarbonio  acid 
COClo  -I-  2H3N  =  2CIH  -I-  UREA.    Also  from  etutl  carbonate 
CO(OC,H,,)-,  4-  2H3N  =  iC^HjOH  +  urea.     [Urea  containing 
alcoholradicles.    Ethyl-urea  COHaCCjHJNj.    Di-ethyl  urea 
C01U{CM,%^2-    Methyl-urea  COH3(;CH3)N2,  &c.,  &c.] 

Sulphocyanate  of  potassium  CNSK,  corres]ion(ls  to  the  cyanate 
CNOK.  Deliquescent,  striated  prisms.  Deep-red  color  with 
Cl,,Fe„,  bleached  by  CljHg,  and  evolving  SH,  willi  Zn  and  acid. 
Easily  prepared  by  melting  CNK  witli  sulplinr.  Also  by 
calcining  S  with  (CN)„FeK|  and  CO(OK)„.  CNSNa  in  the 
saliva.  Hydrogen  suli'Iiocyanide  GNBH,  an  oily  lirjuid  re- 
si  mbling  acetic  acid,  easily  resolving  itself  into  CNH  and 
hydrogen  pkrsulphooyanide  CjNjSCSH),.  Isosulphocyanide 
OF  POTASSIUM  NCSK,  from  the  latter  compound  by  alcoholic  HOK. 
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Browns  with  Cl„Fej.  By  fusion  into  GNSK.  Ammonium  sul- 
PHOCYANATE  CNSCHjN)  in  colorless,  deliquescent  tables.  At 
140°  C,  in  part  at  least  into  Sulphur-urea  CS(H„N).,,  or  urea 
in  which  S  takes  tlie  place  oi'O  in  carbonyl  CO.— AUyl  iso-sulpho- 
cyanate  NCSCC^Hj)  pungent,  volatile  "oil  of  mustard."  By 
action  of  myrosiu  and  water  upon  myronic  acid  in  seeds  of  black 
mustard.  Burning  taste.  Blisters  the  skin.  Boils  at  1 4'^'^  C. — 
By  passing  Chlorine  into  CNSK,  yellow,  insoluble  persclpho- 
CYANOGEN  C3N3H.S3  is  produccd. "  Insoluble  in  water,  alcohol 
and  ether.  When  heated,  into  hydeomellone  CgNgHj.  Thus 
6C3N3HS3  =  6CSj  +  3S„  +  2C„N„H3. 

Amines.  Derivates  of  H3N  by  substitution  of  alcohol-radicles 
for  Hydrogen.  Monamines,  from  one  molecule  of  HjjST  by  moii- 
atomic  radicles;  Diamines,  from  two  molecules  of  H3N  by  di- 
atomic radicles ;  Triamines,  from  three  molecules,  by  triatomic 
radicles.  The  niti-ogen  may  be  substituted  by  Phosphorus, 
Stibium,  Arsenicum.  Monamines  may  be  primary,  secondary  or 
tertiary,  according  to  removal  of  one  atom,  two,  or  thi-ee  atoms 
of  hydrogen.  The  amines  resemble  ammonia  in  properties. 
TJius:  tri-methylamine  unites  with  methyl  ioditle  to  tetra- 
METHYLAMJiONiuM  IODIDE  NCCHj)^!.  Methylamins  NHX'Hj. 
Dimethylamine  NHCCHj),.  Tri-methylamine  NCCHj)..  Is 
contained  in  herring-brine.  Tetramethyl-ammonium  hydrate 
N(CH3),0H.  When  heated  into  triiuethylamine  and  methylic 
alcohol:  N(CH3)3 -f  CH,OH.— Tri-methyl  phosphine  P(CH3)3, 
Colorless  oily  liquid.  With  methyl  iodide  into  tetkajiethyl 
PHOSPHONIUM  iodide  PCCHj)^,  and  this  by  silver  hydrate  into 
teteamethyl  phosphonium  iiydeate  P(CH3)40H. — Tri-methyl- 
arsine  As(CH3)3.  Unites  with  CH3I  I0  teteamethyl  AES0^^^M 
iodide  As(CH3)J,  from  which  AgOH  separates  the  hydrate. 
Arsen-dimethyl  As^CCHa)^  is  "  cacodyl"  Spontaneously  inflam- 
mable. "Alkarsin."  Colorless,  transparent  liquid,  of  horrible 
odor,  intensely  poisonous.  By  hetiting  an  acetate  with  arseuious 
anhydride.  Unites  with  CL  and  splits  into  two.  Cacodte 
CHi.oEiDE  As(CH3)„Cl,  colorless,  fuming,  poisonous  liquid ;  boils 
above  100°  G  With  Zn  gives  pure  cacodyl.  As(CH3)J. 
As(CIl3).,CN.  Bv  slow  oxydation  cacodyl  into  Oxide  of  cacodyl 
As2(CH3"),0.  By  further  oxydation  into  Cacodyl  dioxide 
As.CCHjXOo.  Yet  complete  oxydation  into  Cacodylic  acid 
As(CH3)„0dH.— Trimethyl  stibine  Sb(CH3)3.  Also :  Sb(CH3)^I. 
And  Sb(CH3X0H. 

Metallic  methides.  Zinc  methyl  or  zinc  methide.  /u  (L  113)2. 
By  beating  methyl  iodide  with  Zinc  under  pressure.  Color- 
less, spontaneously  iniiammable  gus,  decomposed  by  water  into 
ziNC-HYDEOXiDE  Zn(OH)„  and  methane  CH^.  Stannous 
methide  Sn(CH3)„.  Stannic  methide  Sn(CH3)4.  Aluminum 
methide  A1.,CCH3)„.     Meecuuic  methide  HgCCHj),.  \ery 
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poisonous  liquid.    Lead  methide  PKOH,),.    Silicon  METHroB 
SiCCH3),. 

II.  Di-carbon  group  C„.    Ethane  CjHg  and  derivatives. 

By  substituting  methyl  for  hydrogen  in  methane,  we  obtain 
dimethyl  or  ethane.    Thus  CH3CH3  =  C^Hg. 

Ethane,  the  second  of  the  paraffin  group,  C^H^  differs  by  OH, 
from  methane,  and  is  the  second  in  this  homologous  series. 
( C„H-),Zn  +  2OH,  =  Zn(Otl%  +  ^CjHa.  Also  by  electrolysis 
of  acetic  acid  :  2CH:3C00H  =  H„  +  2CO2  +  CH3CH3.  Colorless 
gas,  burning  with  pale  ilame.  By  action  of  chlorine  into  chlor- 
ethane  or  ethyl  chloride  CoH.Cl  and  CIH.  Ethene  CHjCHa  or 
CH^,  ETUTLENE  Or  OLEFiANT  GAS.  Colorless  gilS,  inflammable 
with  bright  flame,  bm'ning  into  2CO  +  20H„.  Dyad  radicle. 
Unites  directly  with  Cl^,  Br„,  I^.  Thus  CH.CICHXI  =  C2H4CI2 
is  Dutch  Liquid.  In  presence  of  nascent  into  ethane  again. 
Ethene  C,U4  is  prepared  by  abstraction  of  OH,  from  ethylic 
alcohol  OoHjOH.  It  is  also  called  an  olefiiie.  Also  made  by 
passino-  tiie  ^chloride  of  the  alcoliol  radicle  over  CaO.  Thus: 
2O0H5CI  +  CaO  =  CLCa  +  OH^  +  Also  from  etiiine 

CjtL  by  H„  nascent  -  CoH^.  Acetylene  or  ethine  CHCH  = 
CoH,',  colorless  gas  of  unpleasant  odor,  burning  with  sooty  flame. 
Often  formed  in  incomplete  combustion  of  CH^  and  of  C^H^. 
Thus:  4CH,  +  3O2  =  60H,  +  2G^U._.  Again:  2C„H,  +  0,  = 
2OH,  +  iCoH,-  Formed  from  its  elements  by  heating  Carbon 
point's  whilst  glowing  in  hydrogen.  Also  by  heating  C2H4Br„ 
witli  2HOK  =  2BrK  +  2OH2  +  CjHj.  Ethine  by  nascent  hy- 
drogen into  ethene.  It  is  absorbed  by  ammoniacal  cuprous 
chloride  and  silver  nitrate  :  C4Cu4,OH,.  CjAgj.OH^. 

Ethyl  hydroxide  or  Methyl  carbinol.  0211,011  =  0{0H3H2OH 
=  0H3,CH2OH.  As  "  absolute  alcohol,"  colorless,  volatile,  of 
strong  spirituous  odor.  Inflammable ;  burning  to  2CO2  and 
3U„0.  Sp.  gr.  0.8095  at  0°  C,  and  0.794  at  15°.;  C.  Never 
frozen.  Viscid  at  —  110°  C.  Boils  at  78?. 5  C.  Great  affinity 
for  water.  A  solvent  of  gases,  deliquescent  salts,  but  not  of 
C0(0K)2,  of  HOK,  HON. I,  of  I  (tincture),  Br,  of  resins  (var- 
nishes), essential  oils  (various  Eaux  de)  alkaloiils,  &c.  Fats 
and  fixed  oils,  except  castor-oil,  but  little  soluble.  Forms 
alcoates  :  in  tliem  it  takes  the  place  of  water  of  crystallization  as 
in  (Jl2Ca,4C2H50H.  "  Proof-spirit  "  contains  49 .  24  per  cent,  of 
alcohol  by  weigiit.  Practically  every  additional  0.5  per  cent, 
of  ab.solu"te  alcohol,  to  proof-spirit,  is  one  degree  above  proof. 
Absolute  alcohol  is  made  by  long  digestion  of  rectified  spirit 
of  wine  upon  CaO,  and  distillation.  Can  bo  made  from  its 
elements  :  a.  From  C^  4- 1^2  white-heat  =  CjHj.  b.  I']tuinh 
CjHj  by  nascent  Hj,  into  ethene  CjHi.   c.  Ethene  OjH^  with 
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SO./ OH),  into  ETHYL  siLPHUHTC  ACID  SOoOHCOCHj).  d.  By 
2  HOK  into  SO„(OK)„  +  OH.,  +  CHj.CH.OH.  Or  by  (libtillatiun 
with  water,  into  siilpliuric  ai-iil  and  etbyl  alcohol.  N'i.nous 
FERMENTATION.  Thc  femieut  is  proliably  a  fungus  Torcula 
cerevislcv  and  Penicillium  glauctim,  which  lives  upou  the  al- 
bumen contained  in  juice,  say  of  grape,  and  induces  a  change 
wliich  brings  about  tlie  alcoholic  feruientatiou  of  the  glucose 
CoH,„0„  into  2CO0+  2CH3.CH„0H.  Temperature  of  21°. 2  C. 
mo.-it  favorable  to  fermentation.  Port  contains  from  15  to  17 
per  cent,  of  alcohol  calculated  as  absolute  ;  Sherry,  14  to  16  per 
cent.;  Madeira,  14  to  17;  Amontillado,  12.6;  Claret.  8  to  9  ; 
lihine  wines  from  7  to  10  per  cent.  Claret,  Burgundy,  and 
Ebiue  wines  contain  but  little  sugar ;  sherry  less  than  port. 
Cream  of  tartar  C.,H.(0H)„(C00H)(C00k)  in  all  grape- 
vines :  least  in  old  wines.  Alcohol,  as  genuine  wine,  rouses 
sluggish  digestions,  limits  the  metamorphosis  of  fond,  gives  tem- 
porary stiength  to  nervous  system,  carries  otf  the  eftects  of  cliills, 
and  prevents  the  absorption  of  bad  odors.  When  diet  is  insuf- 
ficient, it  arrests  the  progress  of  decay  till  uatm-e  can  again 
assert  the  power  of  the  stomach  to  take  food. 

Ethers  of  ethylic.  Chlorethane  CjH^Cl  =  CHjCHsCl.  Color- 
less, volatile  liquid,  ofsp.gr.  0.921,  boils  at  12°.  5C.  By  CL  in 
excess,  into  C„C1,.  ultimately.  With  aqueoirs  HOK  =  CIK  + 
C„H.OH.  With  alcoholic  HOK  mto  CIK  +  CoH^OCoH^.  Also 
with  OoH.OK  +  C„H,C1  =  CIK  +  CoH.OCHj.  With  soda-lime 
into  2ClNa  +  OH.,'-l-'C„Hj.  Prep,  from  CIH  upon  C„H,,OH  = 
OH2  4- C^HjCl.  BROMETHANECoHjBr.  Volatile  liquid,  heavier 
than  wati'r.  Iodethane  C^Hjl  or  ethyl  iodide.  Colorless  liquid, 
of  ethereal  odor,  of  sp.  g'r.  1.92  and  boils  at  72°  C.  Very  im- 
13ortant.  By  distilling  70  parts  of  alcohol,  100  parts  of  iodine  and 
5  parts  of  phosphorus.  Practically  PI3  +  jCoHjOH  =  PCOH13 
+  iG„li^l.  Cyanethane  or  ethyl  cyanide  CNCoHj,  is  propenyl 
NiTRiLE  C3H5N.  Boils  at  82^  C.  By  heating  with  KOH  -1- 
20H„  =  H3N  4-  PROPIONIC  ACID  CoHjCOOH.  Ethyl  iso-cyanide 
NCCH,  by  20H„  =  ethylamine  (C.,H5)'H„N  4-  formic  acid 
HCOdk.  Ethyl  oxide  or  ethyl  ether  C„H50CoH5  =  C4Hi(,0 
is  common  ''ether."  Colorless,  transparent,  fragrant  liquid, 
very  mobile.  Sp.  gr.  0.72.  Boils  at  55^.6  C.  Very  com- 
bustible :  one  molecide  of  the  vapor  requires  six  molecules  of 
O.  Mi.-icible  with  alcohol  in  all  proportions.  Ten  parts  of 
water  take  up  one  part  of  ether.  Solvent  of  oils  and  fats,  and 
of  some  salts  and  alkaloids.  Vapor  very  heavy  ;  2.386  that  of 
air.    By  long  action  of  Clj  in  snnshiiio  into  CjClmO. 

When  Na  introduced  into  ethyl  alcohol,  sodil'm  ethylate 
CJl50Na  is  produced  and  H.  Potassu  31  ethylate  CoH.OK, 
hj  same  means.  Thus  :  2C„H30H  4-  K„  =  :C„H,0K  4-  H„.  Now  : 
CH.OK  4-  C.,H,C1  =  CIK  4-  C^H^OCoH^.    (See  ethyl-sulphuric 
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acid.)  Ethyl  sulpiude  CHjSO.H,,  colorless  oily  liqnul.  of 
pun-'eiit  alliiiccous  odor,  of  sp.  t?!'-  0.825,  and  boils  at  72°  0. 
Very  iiiHiimmablo.  Ethyl  hyduogen  sulphide  C,H.,SH.  Meu- 
cwi'AN.  Colorless,  limpidfliiidofsp.iir.  0,842-  Boils  at  36°  C. 
(See  methyl,  p.  85 .)  Ethyl  nitrate  N0,0C„H,.  Sp.  gr.  i .  1 1  2. 
Insoluble  in  water.  Boils  at  85°  0.  Urea  employed  to  pre- 
vent tlie  formation  of  nitrite.  (See  ukea,  p.  89.)  Ethyl  nitrite 
NOOC„H.,.  Pale-yellow  liquid,  with  odor  of  apples.  Sp.  gr. 
0.947":  boils  at  16°. 6  C.  A  solution  in  alcohol  mixed  with 
aldeliyde,  constitutes  Spiritus  etheris  nitrom.  Ethyl  formate 
HCOOCH-.  Liquid  of  faint  odor  as  of  CNH.  Sp.  gr.  0.915. 
Bi)ils  at  5  f  C.  Ethyl  scli'Hate  SO.XOaHj).,.  Syrup  which 
cannot  be  distilled.  Ethyl  hyduogen  sdlphate  or  sulphovmio 
acid  SO„OHOC„H,.  Sour,  syrupy  liquid,  in  which  sulphuric  acid 
not  recognizable  by  ordinary  tests.  By  mixing  rectified  spirit 
■with  twice  its  weight  of  sulphuric  acid.  CALCrosi  ethyl-sul- 
phate. SO„(OC.,H.)„S0.,(O.,Ca),2OH.,  colorless,  transparent  crys- 
tals. Distilled  with  HSK,' gives  mercaptan.  Potassium  ethyl 
SULPHATE  SO.,(OC„H,)(OK)  by  GOl^OK)^  from  former  salt.  Wlien 
a  thin  stream  of 'CoH^OH  is  poured  into  boiling  Ethyl  hydrogen 
sulphate,  at  a  temperature  of  about  149°  C,  contiiiuous  etheri- 
flsation  is  elTected.  Tlius  :  SO.,(OPI)(OaH,)  +  CJ-I,0I1  = 
SO..(OH).  +  C,H,OC„H,.  Then  :  SO.,(OH),  +  C,H,OH  = 
OH..  +  S0,(OH)(O0„H-,)-  Ethyl-dihydroxyl  phosphate 
PO(OH).,OCoH-.  Ethyl  borate  B0(0C„H5).  Ethyl  silicate 
Si(OC„H;),.'  From  Cl.Si  -|-  ^G^KfiR  =  4CIH  +  Si(OC.,H,),. 
Ethyl  carbonate  CO(OC,H,).,.  Aromatic  liquid  ;  boils  at  1 25°  C. 
CO(OAg)o  +  zGM.l  =  2lAg  +  COCOU^HJ.,.  Ethyl  hydr- 
OXYL  carbonate'  C0(0H)(0C„H;,).  Crystalline.  By  passing  dry 
CO,  into  solution  of  HOK  in  absolute  alcohol.  Ethyl  sulpho- 
CARBONATES.    C0(0H)SC2H,.  C0,S(C,H.,)2. 

Double  ethers.  Methyl-ethyl  ether  CH30C,H-,.  Boils  at 
1 1°  0.    Thus :  CH3OK  -1-  GMJ.  -=  IK  -1-  CH^COCH,). 

Ethyl  aldehyde  HsCCOOtl)  =  C^H^O.  Colorless,  mobile, 
ethereal  liquid.  Sp.  gr.  0.8.  Boils  at  21°  C.  Inflammable. 
Reducing  agent.  Thus  :  Ag^O  +  H^CCCOH)  =  Il3C(0OOH) 
-I-  Ag,.  Witli  alkaline  acid  sulphites,  crystalline  compounds, 
as  s6('0HXONa).C,H,O.  By  nascent  Hj,  into  respective  alcohols. 
H3N  in  ethereal  solution  of  aldehyde,  gives  crystalline  alde- 
hyde-ammonia HjCCHOHIL.N  =  C2H.,(H,N)0.    Heated  wilh 

HOK        H2  +  POTASSIUM   ACETATE   OjHjO^OK).      By  CI5P  = 

POCI3  4-  chloraldehyd,!  CHj.CHCij.  By  CI.,  =  CIH  +  acetyl 
chloride  C,H30.C1.  Fused  with  HOK  =  H,  +  C^HsOCOK). 
Several  poly ineric  modification.s,  as  paraldehyde,  and  metalde- 
hydb.  Aldol  is  another.  Frcj).  distilling  CoH-XOH)  with 
SO./OH),  and  Cr03,Cr02(OK)2  :  Oj  oxydizes"  two  inols.  of 
alcohol  by  removing  zOHj..  Also,  by  distilling  sodium  acetato 
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with  sofliiim  formate  :  into  CO(ONa)„  +  H3CCOH.  Acetal 
C^H^O.OCCsH,),  =  OeHnOj,  is  aldehyde-ether.  Colorless,  ethe- 
real liquid  of  sp.  gr.  0.821  at  22°.  2  C.  and  boils  at  140°  C.  By 
plutinum  black  into  aldehyde,  and  then,  acetic  acid.  From 
aH^O.C„H.,Cl  by  CH^ONa  =  CINa  +  Acetal.  Chloral  or 
Chloraldehyde  CClaCOH  =  C^HCljO.  Thin,  oily,  colorless  fluid, 
of  penetrating  odor.  Sp.  gr.  1.502.  Boils  at  94°  C.  Freely 
soluble  in  water,  alcohol,  and  ether.  With  a  small  quantitv'  of 
water,  it  forms  CMoralhydrate  CoHClaOjOH^.  Much  used  in 
medicine.  Unites  also  with  etliylalcohol.  Heated  with  alkalies 
into  CHLOROFORM  CHCI3  (p.  83)  and  forsiate  of  the  metal. 
Behaves  like  an  aldehyde.  By  O  into  tri-chloracetic  acid 
CCl3,C00H.  Prejj.  by  action  of  4CL  upon  ethyl-alcohol,  or  of 
3CI2  upon  aldehyde.  Thus:  OHjCH^OH  +  4CI0  =  3CIH  -f 
CCl3,C0H.    Bromal  CBr3,C0H.    Boils  at  1 72°  C. 

Acetic  acid  H3C.COOH  =  CH3COOH  or  C^H^Oj.  The  second 
of  the  fatty  acids,  derived  from  the  paralhn  series  of  hydro- 
carbons. Monobasic.  Is  found  in  the  juices  of  many  plants  as 
acetate.  Glacial  acetic  acid,  in  lustrous  plates,  fusing  at  1 7°  C. 
Sp.  gr.  of  liquid  1.055.  Boils  at  118°  C.  Miscible  with  water, 
alcohol  and  ether.  Five  per  cent,  or  less  in  vinegar.  "  Pjto- 
ligneous  acid"  by  destructive  distillntion  of  wood.  Mainly 
prepared  by  oxydation  of  alcohol.  H3CCH„0H  -|-  0,  =  OHo  -|- 
H3CCOOH.  Phosphoric  chloride  changes  acetic  acid  into  Acetyl 
chloride  CoHjOCl.  Thus  :  C^HjO.OH  -f  PCI,  =  POCI3  -i-  CIH 
+  C2H3OCI.  By  passing  tlie  vapor  of  acetic  acid  through  a  red- 
hot  tube,  we  obtain  Acetone  CH3COCH3.  Acetates.  Potassium 
acetate  C2H3O.OK,  foliated,  deliquescent.  Used  in  medicine  as 
adiuretic.  Sodium  acetate  C2H30.0Na,30Ho  in  oblique  rhombic 
prisms,  very  soluble  in  water.  Used  in  making  the  acid  with 
SO^H^.  Also  for  METHANE  CH^.  Thus:  CHjCbONa -fHONa 
-  C0(0Na)2  +  CHj.  Ammonium  acetate  CHsCOOH^N,  dia- 
phoretic. Important.  Heated  with  P2O5,  loses  20H„,  into 
Ethenyl  uitrile  (C2H3)N  or  aceto-uitrile.  Methyl  acetate 
CH3COO(CH3),  in  wood  spirit.  Colorless,  fragrant  liquid.  Boils 
at  55°  C.  Ethyl  acetate  CH3CO(OC„H5),  frngraut  limpid  fluid, 
of  sp.  gr.  o.  89,  and  boils  at  73°.  8  C.  By  distilling  sodium  acetate 
with  ethyl  alcohol  and  sulphuric  acid.  Thus:  CH3CH„0H  -j- 
SO.,Ho  -I-  CH3C0(0Na)  =  SO„(OH)(ONa)  -f  CHjCOCOC.Hj). 
Acetamide  C2H30,H2N,  white  crystalline  solid,  melting  at  78°  C, 
From  ethyl  acetate  and  H3N.  Also  from  ammonium  acetate  — 
OH2.  Also  from  C.HjOCl  +  H3N  =  HCl  -f-  Acetamide.  Behaves 
like  an  acid  and  a  base.  By  loss  of  OH,  into  aceto-xitrile 
(C2H3)N.  Heated  with  CIH  into  CIH^N  -|-  Diacetamide 
(C2H30)2HN  :  it  is  a  secondary  monamiue,  just  as  ncetainide  is 
a  primnry.  Ethyl-acetamide  (C2H,)(C2H30)HN  is  formed  from 
ethylaniine  and  acetyl  chloride  with  loss  of  CIH.    Lead  acetate 
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(C  H  00)  Pb,50H..  is  sucar  of  lead,  in  riglit-rliombic  prisms,  or 
in 'masses' of  white  crystals.  Soluble  m  less  than  2_of  water. 
By  heat,  anliydrous;  then  fuses.  If  temperature  raised,  mto 
PbO  U0.„  and  Acetone  C.,ll30,CH3  or  acetyl  methyl.  But 
acetone  "is  better  prepared  by  distilling  calciusi  acetate 
(CH  )„(COO).,Ca  =  CO(0„Ca)  +  Acetone.  Colorless  liquid. 
Boils  at  56°  C.  Behaves  like  an  aldehyde,  but  wirJi  nascent 
H„  yields  secoxdary  propyl  alcohol  CH3.CHOH.CH3  (p^  lor). 
Acetone  also,  from  zinc  methide  and  acetyl  chloride :  (Clis^^n 
+  2CH3.COCI  =  CloZn  +  2CH3.CO.CH3.  Goulard  extract  is 
BASIC  ACETATE  iPbCcCHjO),©., Pb.OH,.  In  crystals,  by  addi- 
tion of  H3N  to  acetate  of  lead.  Formed  in  manutncture  ot  white 
lead  FI.(0H)„,2C00„Pb.  Copper  acetate  (C2H3O„)20u,OHj  in 
•Teen  crystals!' sniubl' in  14  of  water.  Verdigris  is  basic  acetate. 
SHver  acetate  CHjOCOAg).  small  colorless  needles,  little  soluble 
in  water.  Mercurous  acetate,  small  scales,  very  little  soluble. 
Ferric  acetate,  dark  red-brown,  uncrystallizable.  Ag,  Hgj,  and 
Fe.  salts,  are  tests.  Acetic  oxide  is  the  Anhydride  (C2H30)20  = 
(C„'H30)0(C„H30).  Heavy  oily  liquid,  slowly  hy  water  into 
acetic  acid.  Prep.  From  acetyl  chloride  on  sodium  acetate  = 
ClNa  -f  (C*„H30).,0. 

Chloracetic  acids.  By  action  of  CU  upon  acetic  acid  m  sun- 
shine   Tlie  01  substitutes  one,  two,  or  tliree  atoms  of  Hydrogen 

in  ACETYL  CoHsO.  MONO-CHLORACETIO  ACID  (CH.,C1)C00H. 
Dl-CHLORACETIC    ACID  XCHC1,)C00H.       TRI-CHLORACETIC  AClB 

(CCl3)C00H.  With  H3N  yields  Cldoroform  (p.  HO-  Bromacetic 
acids.  lodacetic  acids.  Thiaoetio  acid  CH3COSH,  by  PoSj  on 
5CH3GOOH  =  P„Oj  -\-  5CH3COSH.  Amidacet:c  acid OH^CHoN) 
COOH  is  Glycbcin,  or  gelatin-sugar.  Transparent  crystals 
easily  soluble  in  water.  Prepared  by  2H3N  upon  monochlor- 
acetic  acid  =  GIH.N  -f  glycocin.  See  hippuric  acid,  p.  114. 
Nitrous  acid  ehanges  it  into  oxy-acetic  or  glycollic  acid 
CH„0H.C0011 4-  N„  -f  OH,.  Methyl  glycocin  or  Sarcosin  CH, 
(CH3.HN)C00H,  colorless,  rliombic  prisms,  isomeric  with  alunin. 
By  boiling  creatin  with  Baryta  water;  also  by  digesting  ethyl 
chloracetate  with  aqueous  .solution  of  methylamin.  Thus  : 
CH,C1.C00C  J-I, +CH3.H„N  4- OH,  =  cm -f  CjHjOH -f  methyl- 
glycocin  GlI^.His'CHj.COOH.  It  combines  with  acids  to  form 
•salts.  Wlien  heated  with  so.  la-lime  it  gives  off  methylamin  (p.  90). 

Amines.— Ethylamine  C2H,,H2N  C„II;N.  A  primary  amine,  or 
ammonia  in  which  tlie  alcohol  radicle  "ethyl"  replaces  H  atom 
for  atom.  On  digesting  brnmethane  CjUsBr  with  alcoholic 
solution  of  H3N,  ETHYi.-AMMONiUM  bromide  C2H5H3NBr  is  ob- 
tained ;  on  distilling  witii  CuOOHj,  Br^Ga  and  2C2H5H2N  result. 
Or,  from  ethyl- 1.SOCYAN ate  NCOC2H5  by  2HOK  =  C0(0K)2  -t- 
NH,C2H5.  Moljile  liquid  of  sp.  gr.  0.696.  Boils  at  19° C. 
Odor  of  ammouin.    White  clouds  with  CIH.  Grystallizable 
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salts.  Vapor  inflammable.  Decomposed  by  2X0(011)  =  + 
2OH2  +NO(00,Hj).  The  nitrites  of  alcoholic  radicles  thus  pro- 
duced, easily  resolved  into  corresponding  alcohols  by  distillation 
with  KOH.  The  iso-cyanides  easily  prepared  frnm  the  alcohols, 
and  by  nascent  H„  they  are  changed  into  Amines  Thus  we 
pass  from  a  lowei-  to  a  higher  alcohol.  By  passing  vapor  of 
CN(0Hj  into  (C„H,)H„N,  we  obtain  ethyl-ure.-v  COHjCCjHj)^,. 
Diethylamine  (O.,H.02HNi  '^7  mixing  ethylamine  with  tthyl 
iodide,  &c.  Triethylamine  (C^HOaN.  Tetrethyl-ammonium  hy- 
drate (CJ-IOjN.OH.  From  iodide  by  HOAir.  Analogous  to 
KOH,  By  heat  =  (C.,H,,)3N  +  0H„  +GJi,.  Triethylphosphine 
(C.,H3)3P.  Triethylstibine  (C,,H5^3Sb.  By  distilling  3(C,H,D 
with  an  alloy  of  SljKj,  &c.  Triethylarsine  (C2H5)3As,  \-c.  Tri- 
ethylbismuthine  (02H5)3Bi. 

Metallic  compounds  of  ethyl.  Potassium  ethide  (CoH5)K  and 
C„H,Na  only  known  in  combination  with  (C.,H5)„Zn.  Zinc  ethide 
(C„H5).,Zn.  "United  with  I,,Zn,  by  heating'  ICJls  witli  Zn  in 
close  vessel,  and  separating  by  distillation  in  H.  Serves  to  ex- 
change ethyl  for  CI,  Br,  I  and  in  compounds.  Mobile,  volatile 
liquid,  burning  with  greenish  flame  and  dei^ositing  ZnO.  By 
water  into  Ethane  CH,.  and  zinc  hydroxide  Zn(OH~)o.  With 
dry  O,  first  into  0„H",Zn(OCJiJand  then  into  CoH.OZnOCoHj. 
with  I„  =  IC„H,  +  IZnCjH,.  Then  IZnC^Hj  +  I„  =  LZn  4- 
IO0H3.  With  MERCURIC  chloride,  zinc  ethide  gives  Cl.,Zn  + 
Mercuric  ethide  (GjH-JjH^.  Plumbic  ethide  (Co H3)^Pb.  Silicon 
ethide  (C,H-)|Si.  by  zinc  ethyl  on  Cl^Si.  Colorless  liquid,  boUs 
at  i;o°C.  May  be  regarded  as  the  ninth  paraffin,  nonyl  CgH„o 
in  which  Si  replaces  C.  Borethide  (0,65)36,  boils  at  93°  C. 
From  ethyl  borate  by  zinc  ethide. 

[A  dicarbon  monatomic  alcohol  not  belonging  to  the  primary 
alcohols  of  the  paraflB.n  series  is,  vinyl  alcohol  C0H3OH.  Pre- 
pared by  Berthelot  Irom  ethine  CoH,,  by  combining  with 
SOoCOH),  to  VINYL-SULPHURIC  ACID  Sb„(OH')(OCo H3).  and  dis- 
tilling with  water.  The  radical  vinyl  is  univalent.  Only  two 
alcoliols  of  this  series  are  known,  i.  Viwl  alcduol.  2.  Ally'l 
ALCOHOL  C3H,0H,  see  p.  102.]  Ethene  or  ethylene  C„Hj,  p.  91, 
is  a  dyad  radical.  It  is  the  basis  of  a  series  of  diatomic  alcohols, 
derived  from  the  paraflins  by  substitution  of  :0H  for  :H. 
Thus:  CoHg  becomes  C2Hj(0H)„.  i.  Methene  CH._,  is  unknown. 
Its  oxygen  compound  is  CO.  [Its  glycol,  metuene  glycol 
(CH2)"(OH)2,  cannot  attract  to  itself  more  than  one  atom  of 
OH."  Methine  acetate  (CH.,)"(0C.,M30),,.  Oily  liquid. 
From  methene  iodide  CH„I„  on  G„H30(C)  Ag).  Metoene  oxide 
(CH2)"0  or  rather  CCH„')3b3.]  '  2.  Ethene  alcohol  is  Glycol 
OoH/OH),.  Colorless  inodorous  liquid  of  sp  gr.  1.12s.  Boils 
at  iy7°.5  C.  Miscible  with  water  in  all  proportions.  Prepared 
from  ethene  dromiue  Cjll^Br,  by  silver  acetate  2(CH3COOAg) 
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=  2BrAg  +  (C„H30.0).,C„H4.  By  distilling  acetate  of  etheue 
with  Bii(OII),"  =  (C2H3bO)2Ba  +  C..,H,(OH),,.  Potassium 
may  expel  oue  or  two  atoms  of  H  in  OH,  and  yield  moii- 
or  "di-etheiiate.  Ethers  of  the  glycols  obtained  by  treatment 
with  iodmethane.  iodethane,  &c.  Thus:  CoH,,(OH)(ONa) + 
C.HjI  =  INa  +  ETHYL  ETUENATE  C.U^COHXOCJIJ.  Again  : 
CoH.|(ONa).,  +  ^CjHsI  =  2lNii  =  diethyl  ethenate  CJi., 
(OCotI,),.  irlydroxyl-acids  produce  ethereal  salts,  but  the  hydr- 
acids  of  CI,  Br,  I,  &c.,  only  remove  ono  atom  of  Oil,  forming 
ethene  chlorhydrate  C.,H,0H.C1.  Dichlorinai ed  etheu 
CoH.,CI.,  can  only  be  produced  from  the  alcohol  by  2CI5P  - 
2CIH  +  2POCI3  +  ethene  dichlorhje  U„HjC1o,  the  Dutch 
liquid  of  Chemistry.  C.H^Clo  is  a  thin  colorless  liquid,  of 
ethereal  odor  ;  heavier  than  water.  Boils  at  82°.  3  C.  Prepared 
by  mixing  CL  with  CjH^.  Gfil^  is  a  white  crystalline,  arumatie 
substance,  the  analogue  of  ethane  CjHf/.  C„C1„  in  white 
nei  dies,  obtained  by  passing  CHCI3  or  CoCl^  through  a  red-hot 
tube.  ETHENEBEOiinDE  (C,Hj)"Br2,  boilsiit  i29°.5  C.  Ethene 
Iodide  C.jH^L,  a  crystalline  substance,  made  by  acting  upon 
C^lifi]„  with  I2.  Ethane  cyanide  (C,H,)"Cvo,  crystalline, 
melts  a't  50°  C.  By  distilling  2CNK  +  C,H,Br„  =  2BrK  + 
Cy^CCjHj)".  Ethene  oxide  (C^H.,)"©,  transparent,  colorless 
fluid;  boils  at  13°. 5  C  It  takes  up  nascent  H,,  and  becomes 
elhyl-alcohol.  From  ethene  chlor-iiydrin  CjHiOHCi  +  HOK 
=  (JIK  +  OH,  +  ethene  oxide  CjH/).  It  is  a  powerful  base, 
and  unites  with  H3N  to  form  basic  compounds  with  i,  2,  3  and 
4  molecules  of  CjH^,  of  syrupy  character  and  no  crystalline 
compounds  with  acid  sulphites.  Ethene  oxide  is  thus  distin- 
guished from  aldehyde  or  ethidine  oxide  CH3COH.  Ethene 
SULph-hydrate  C2H.,(SH)2,  colorless  oil,  insoluble  in  water. 
From  C^HiBi-jby  2SHK.  Ethene  sulphide  (C2Hj)"S,(C2ll4)"S. 
Crystalline  solid.  Vapor-density  60.  Ethene  sulphonic  acid 
CjHiCSOsH),,  diificult  to  crystallize.  By  oxydation  of  the 
sulph-hydrate  of  ethene.  or  by  boiling  ethyl-alcohol  with  sul- 
phuric anhydride.  CjH,(0H)S03H  is  isethionic  acid,  and  isomeric 
with  ethyl  sllphdric  acid  C2H5HSO4.  Uncrystallizable  liquid, 
decomposed  by  boiling  with  water.  Ammonium  isethionate 
CjH.OHSOjH.N,  heated  to  230°  C,  into  OIL  and  ethene- 
amido-sulphonic  acid  or  Taurine  C2H,,(H2N)S03H.  Isetliionic 
aoid,  by  oxydation  of  the  sulph-liy( Irate  of  ethene,  or  by  action 
of  nitrous  aciil  on  taurine  -  'N^  +  OH,  -f  isethionic  arid 
(C2H,)"(OH)S03H. 

Taurine  C2H4(H2N)S03H  is  found  in  tlic  bile  of  oxen,  &c  ,  in 
coinbinatien  with  cholie  acid,  and  is  pri'jiared  by  boiling 
TAuiiOcuouc  acid  C2(,H,,5In  SO,  -1-  OH2  with  IIOK.  In  rhombic 
prisms,  easily  soluble. 

Ethionic  axuyduide  CjH4(S03)„  in  deliquescent  needh/s. 

H 
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By  OH,  info  ETHiONic  acid  C,HX0S0,0H)S0„0H.  Eesolvt-d  by 
boilin;;  Wilier  into  S()„(OH)„+isetMomc  acid  O.HXOHXSUjH). 
Glycol  (CH^OH),  or  CjH.,(0H)3  by  oxydation,  forms  the  first  of  a 
series  of  diatomic  and  monobasic  acids.    Glycollic  acid  C.JIjOj 
=  CH.,"("HXCOOH)  or  oxy-acetic  acid,  is  the  first  of  the 
lactic  series,  or  oxy-iatty  acids.    Snmetimes  syrupy  liquid,  at 
others  crystalline.    Sour,  very  soluble,  begins  to  boU  at  ico°  C. 
(By  dehydraiits,  from  2  mols.  minus  OH^,  into  dibasic  di-gly- 
coLLic  ACID  C,H„0,v)    Prep,  from  Glycol  by  platinum-black. 
From  "-Ivcocin,  p  95,  by  nitrous  acid.    From  hromacetic  acid 
by  HOAg.    CtLBr(COOH)  +  H(  )Ag  =  BrAg  +  CH,OHCOOH. 
From  OXALIC  acid  by  2H.,.    By  further  oxydation  of  a  glycol, 
we  obtain  a  series  of  diatomic,  dibasic  acids.    They  all  contain 
4  atoms  of  O.  1.  Oxalic  acid  C.,H20„20H„  =  (C„0,)"(OH),20H3. 
Oblique,  rhombic  prisms,  soluble  in  8  of  water,  and  in  their 
own   weight   of   boiling   water.     Poisonous  :   magnesia  or 
chalk  the  best  antidotes.    Reduces   CI3AU.    Thus:  2CI3AU 
+  3[(G„0„)"(0H)„]  =  6C1H  +  6C0,  +  2Au.    By  SO,H„  into 
SOjHo.OH,  +  CO2  +  CO.    All  oxalates  decomposed  by  heat, 
generally  into  carbonate,  and  Carbonic  oxide,  sometimes  into 
metal  and  CO^,  without  blackening.    (C„0,)"(0K)„,20H„  in 
rhombic  prisms.    (C„()2)"OH.OK,2UH„,  is  salt  of  sorrel.  In 
Bumea;  Oxalis  acetoaella,  &c.     Soluble  in  40  of  water,  and 
6   of  boiling.     Qoadkoxalate  (C„0„)"0H.0K,(C„0„)"(0H),. 
Sodium  oxalate  very  little  soluble.     AiiMOxrcM  oxalate 
(C,0,)"(<^HjN)„,20H2  :  by  heat  into  20H„+oxA-MII)E  (C'eO,)" 
(H",N\.  Heated" with  a  de-hvdrant  into  40H„  +  di-cyanogen  C„N„. 
Cyanogen  in  water  +  (4OH..)  =  (C„0„)"(OH,N)„.  Ajnioxini 
hydkoxalate  (C202)"(0H)(0H,N),(;)H„.    By  heat  at  232°  C, 
into   oxamio   acid  (C,0,)"(0H)(H„N).     Calcivm  oxalate 
(C,0„)"0„Ca,4aq.  white,  insoluble  in  water  and  in  acetic  acid. 
"  Mulberi'y  calculus,"  because  often  blood-stained.     By  heat 
=  CaO,C0„+C0.    Lime  and  soluble  .salts,  a  ftfsf.  (C.0„)02Fe 
nearly  insoluble.    Ferkic  soluble.    (C.,0„)"(0C,H5)„  is  oxalic 
ether.    Colorless,  oily  liquid  of  aromatic  odor,  and  i  .09  sp.  gr. 
Boils  at  1 83". 8  C,  little  soluble  in  water.    With  2H3N  into 
ethyl-alcohol  and  oxamidb  (C„0„)"(H,,N),.    With  dry  gaseous 
ammonia,  ethyl  oxalate  yields  alcohol,  and  ethyl  oxamate 
(020„)"(H„N)(OC2H,).  Oxamide  (C„0„)"(H,N),,  a  white  powder, 
insoluble  in  water  and  in  alcohol.    Its  vapor  through  red-hot 
tube  :  2(C„0,)"(HoN).,  =  CO"(H„N).  +  CNH  +  H3N  +  CO  + 
COj.    It  is  funned  when  2CNH  +  OoH„  are  brought  together. 
By  dilute  acids  into  oxalic  acid  and  an  ammonium  salt.  Di- 
methyl OXAMIDE  (C„0„)"(CH3)„NH„N.,  &c.    Ethyl  carbonate 
(CO)"(OCJi.).,  by  k  or  Na  upon  ethvl  oxalate:  CO  evolved. 
Methyl  oxalate   (C^OO'^OCHj).,   in   transparent  rhombs. 
Melts  at  53°  C.    Boils  at  161°  C.    With  dry  H,N  into  methyl 
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oxamate  (0.,0„)"(H„N)OCH3.  Ethene  oxalate  (C„0„)"(0CH„); 
troin  silver  oxalate 'by  C„H  ,Br„.  Prejj.  of  oxalic  acid.  i.  From 
calcium  oxalate  by  SOj'XOH),.  2.  from  sugar  by  oxyclation 
with  nitric  acid:  C,„H'2oO,i  +  gO,  =  5OH2  +  6  oxalic  acid. 
3.  by  lieatiuE;  potassium-amalgam  in  C0„ ;  or  Na,  in  jCO., 
=  (C„0.,)"(0Na)2.  4.  Upon  a  large  scale,  by  heating  .sawdust 
witii'iiiixt  KOII  +  2NaOH  at  about  204°  C.  and  treatment 
with  water,  which  leaves  sodium  oxalate  undissolved.  From 
(C„0„)"(ONa)„  +  Ca(OH)„  =  (C„0„)"(0,Ca)  +  zNaOH.  From 
calcium  oxalate  by  sulphuric  acid  :  (CoO„)"0„Ca  +  SO„(OH),  — 
SO„O.^Ca-|-(C„0„)"(0H)„.— 2.  Malonic  acid  CJi.O,  =  (CjH^Oo)" 
(OH),  =  (CH;)''(COOH)„  ;  rhomboids.  Melts  at  140°  0.  At 
i5o°C.  into  Co,  +  (CH3)C00H.  By  oxydizing  malic  acid  + 
O,  =  CO.J  +  OH,  +  malonic  acid.    Also  by  oxydation  of  pko- 

PENE-GLYCOL  (C3"Ho)"(OH),.      [NiTEO-MALONIC  ACID  (CH)(NO) 

(COO  II),.  in  fusible  needles  :  explosive.  Amido-malonic  acid 
CH(H„'N')(COOH),,  by  nascent  H,  upon  the  nitro-compound. 
Shilling  prisms.  By  heat  into  COj  and  ajiidacetic  acid 
CH,(f-i,N)COOH  or  glycocin.] 

Mesoxalic  acid  CO(COOH),  -  C^HoO^  by  substitution  of 
O  for  Hj  in  malonic  acid  CH„('COOH),.  Deliquescent  prisms, 
containing  OH,.  Melts  atj  115°  C.  By  oxydizing  amido- 
malonic  acid  CH(NO)(COOH)„  +  0  =  H3N  +  C"0(COOH),.  Also 
from  allo.xan  +  2 OH,  (lioiled  with  alkalies)  =  C0(H„N)2  + 
C'0(C00H)2.  Nascent  H,  converts  mesoxalic  acid  into  tae- 
TRONic  acid  CH(OH)(COOH),. 

3.  Succinic  acid  (C^KJ'(006r  %  =  C,H„0,  =  (C^H,02)"(0H)j. 
Colorless  oblique  rbombic  prisms,  soluble  in  3  of  cold  and  5  of 
boiling  water.  Melts  at  180°  C;  boils  at  235°  C,  loses  OH, 
and  becomes  succinic  oxide  or  anhtdridb  {CJIfi„y'0.  Also : 
CjH,(C00H)2  -I-  CI5P  =  CI3OP  -I-  2CIH  +  (C,H;0„)"0.  Al- 
kaline succinates  readily  soluble.  Ferric  succinate,  red-brown 
precipitate,  dissolved  by  CIH.  Succinates,  not  precipitated 
from  salts  by  acids,  bid,  in  the  cold,  by  CljBa,  after  addition  of 
H3N  and  alcohol.  Succinic  acid  exists  ready  formed  in  amber 
(succimim).  Most  easily  obtained  by  fermenting  calcium 
malate.  (See  Malic  acid  C2H3(0H)(C00H)2,  p.  105.)  Also  by 
oxydizing  butyric  acid  CjHXCOOH)  =  OH,  -|-  succinic  acid. 
Also  by  action  of  IH  upon  malic  acid.  Thus  :  C,H30H(C00H), 
-f-  2  Jtl  =  -t-  OH2  +  succinic  acid. — Also  from  ethene  cyanide 
(C,H|)"G2N2  by  alcoholic  pota.ssoxide.  Thus:  (C2H,|)"C2N2 -|- 
2H0K-F  2OH2  =  2 H3N -I- POTA.SSICM succinate.  (C2Hj)"(COOK)2. 
Also  by  na.scent  H2  to  pumaiuc  acid  (C2H2)"(C00H)2.  Mono- 
bromsuccinic  acid  G2H3Br(COOH)2  by  heating  the  acid  with 
Br2  and  water  in  sealed  tubes  to  160°  0.  In  groups  of  needles, 
easily  soluble.  Molts  at  160°  C.  evolves  BrH,  and  becomes 
fumaric  acid.    By  boiling  with  HOAg,  into  BrAg  and  malic 

H  2 
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acid  CoHjOHCCOOH)^.  Di-bromsuccinic  acid  C^H^Br^CCOOH), 
in  prisms.  By  jHOAg  into  inactive  tartaric  acid  CjH^COH), 
(COOI-I).,.  [SrcciNYi.  CHLORIDE  (CjH J"(COCl)j.  Oily  liquid, 
produced' by  action  of  PCI5  upon  succinic  acid.]  [Belonging  to 
the  same  group,  as  r.  oxalic  acid  (CoOJ'XOH),,  p.  9a;  2.  Ma- 
LONic  acid  (CH2)(C00H)„,  p.  99  ;  3-  Succinic  acid  (C„H,)" 
(COOH).,,  p.  99 ;  we  have  to  mention :  4.  pyro.tartaric  acid  (C3H5) 
(COOH,).  5.  Adipic  acid  (CJl8)"(C00H),.  6.  Pimelic  acid 
(C,H,„)''(COOH).,.  7.  Suberic  acid  (C„H,,)"(COOH)„  white 
crvstalline  powder.  8.  Anchoic  acid  (C;H„)"(COOH)„.  9.  Se- 
basic  acid  (C8H,„)"(C00H).,.  In  pearly  scales ;  mails  at  127°  C. 
10.  BrassyUcacid(Cs,Hi8)"(C00H)„.  1 1.  Koccellic acid  (CuHso)" 
(COOH),.] 

III.  Tricarbon  C3  or  Propane  group  C^B.^. 
All  compounds  which  contain  three  carbon  atoms  linked 
together  are  derived  from  the  parafiBn  propane  CjHg  =  CH3- 
CH„-CH3. 

Propane  C3Ha=  CHj-CHj-CHa,  is  a  gas,  liquefying  at  -  20'=  C. 
Methyl-ethyl.  By  action  of  zinc  and  2CIH  on  (2)  propyl 
iodide  C3H-I.  Also  contained  in  petroleum.  Exposed  to 
Chlorine  in  sunlight,  partly  into  propyl  chloride  C3H;CL 
Colorless  liquid.  Boils  at  47°  C.  Also  from  normal  propyl 
alcohol  by  CIH.  Pseudopropyl  chloride  CH3-CHCI-CH3, 
boils  at  37^  C.  Propyl  iodide  CHj-CH^-CHJ  or  C3HJ,  boils 
at  102°  C.  Pseudopropyl  iodide  CH3-CHI-CH3,  an  oily  liquid 
of  sp.  gr.  1.7.  Bromine  expels  iodine.  Best  prepared  by 
action  of  hydrogen  iodide  IH  upon  glycerin  ;  C3H5(OH)3  + 
5IH  =  2I,  +  3OH2  +  C3HJ.  By  nascent  H,,  =  IH  +  C.-R^  or 
normal  propane;  C3H8  by  CL  into  normal  propyl  chloride 
CjHjCl  or  CH3-CI-I2-CH2CI,  and  this,  heated  with  potassium 
acetate,  yields  nornial  propyl  acetate.  Now  normal  propyl 
acetate,  heattd  in  sealed  tubes  with  HOK,  gives  potassium 
acetate  and  normal  propyl  alcohol  CHj-CHo-CH.OH.  A  generic 
method  of  obtaining  the  normal  from  the  abnormal. 

Primary  propyl  alcohol  CjH^OH  =  CHj-CH.-CH.OH.  In 
this,  as  in  other  primary  alcohols,  hydioxyl  is  attached  to  a 
carbon-atom  at  the  end  of  the  chain.  Also  :  Ethyl-carbinol. 
Boils  at  96°  C.  Freely  soluble  in  water.  In  the  residues  of 
certain  Fi-euch  brandies.  From  propionic  aldehyde  CH3- 
CH„-COH  by  nascent  H„  =  CH3-CHo-CH„0H.      Also  from 

ETHYL  cyanide  CH3-CH0.CN   bv    2H„    iulo   PROPYLAmNE  CH3- 

CH,-CH.,H„N  ;  this  by  "2N0(6H)  into  20H„  +  N„  +  propyl 
nitrite.  "  Then  :  NOCOCjH;)  +  HOK  =  NO(OK)  +  C3H-OH.— 
Propylic  aldehyde  CH3-CHJ-COH  or  CjH.O,  of  sp.  gr.  0.804. 
Boils  at  49""  C.  Resembles  acetic  aldoliyde.  Obtained  by  oxy- 
dizing  the  normal  alcohol,  or  by  distUliug  a  mixture  of  calcium 
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formate  and  propionate:  (CH3-CH,C00),Ca  +  (H-COO),Ca 
=  2C00.,Ca  +  propylic  aldehyde  (2  mols.). — Propionic  acid 
0„H.COOH  =  CaHcO...  Is  the  third  of  the  series  of  the  fatty 
acids,  of  wliic-h  formic  acid  H.COOH,  is  the  first,  and  acetic 
ACID  CH3-COOH,  is  tlie  second.  Colorless  liquid,  of  sp.  gr. 
o  992.    Soluble  in  water;  the  propionates  also.    Prep.  From 

ETHYL    CYANIDE    C„H,CN  +  HOK  +  OH,  =  H3N  +  POTASSIUM 

PROPIONATE,  and  from  this  by  distillation  with  P0(0H)3.  Also 
from  LACTIC  ACID  C3H,03  +  2IH  =  L  +  OH,  +  C.H^.COOH 
[Chloro-propionic  ACID  CH3-CHCI-COOH.  Dense  liquid  of 
sp.  gr.  1 .  28.  Boils  at  1 86°  C.  Prepared  from  lactyl  chloride  by 
0H„,  and  changed  when  heated  with  HOAg,  into  ClAg  and 
lactic  acid.  Bkomo-propionic  acid  C3H5Br0o,  is  solid  at  -  1 7°  C, 
and  boils  at  202°  C.  From  propionic  acid  by  Br„  or  from  lactic 
acid  by  2Bi-H.  Alcoholic  H3N  changes  it  into  Alanine  or  amido- 
PROPiONic  ACID  CH3-CHCH2NJ-COOH.  Crystallizes  in  tufts  of 
needles,  soluble  in  5  of  water.  Quickly  heated,  into  CO,  and 
ethylamine.  Nitrous  acid  converts  it  into  lactic  acid.  Propion- 
amide  C3HjO,H2N,  resembles  aoetamide  C2H30,H2N.  Melts  at 
"5°  C  1 

'  ^Secondary  propyl  alcohol  C3H,0H  =  CH3-CHOH-CH3.  "  Pseudo- 
propyl  alcohol."  The  OH  is  placed  between  two  other  carbon- 
atoms,  as  iu  all  secondary  alcohols.  Isomeric,  but  diifering 
in  properties  and  results  of  decomposition.  Also  called  di- 
methyl CABBiNOL.  Boils  at  84°  C.  Forms  definite  hydrates. 
From  iso-PROPYL  iodide  by  silver  acetate,  and  from  iso-propyl 
acetate  by  HOK.  On  oxydation  yields  a  ketone  (not  an  alde- 
hyde). Thus :  CH3-CHOH-CH3  minus  H,  =  CH3-CO-CH3  or 
Acetone  C3H,.,0  (p.  95).  Nascent  hydrogen  H,,  changes  acetone 
into  secondary  propyl  alcohol.  Acetone,  by  further  oxydation 
2O,  =  COj  -1-  OH,  -I-  ACETIC  Acm  CH3COOH.  [Chlorine  may 
substitute  H,  atom  for  atom  in  acetone.  Under  the  influence  of 
CIH,  acetone  may  become  :  mesityl-oxide  CgHioO ;  phorone 
C„H,^0,  and  mesitylene  CgH,,.] 

Propene  C^R^,  colorless  gas,  condensable.  In  coal-gas.  With 
IH  forms  secondary  propyl  iodide  CH3.CHI.OH3.  By  nascent 
H  or  IH  on  allyl  iodide  C3H.I.  Or,  by  heating  HOK  with 
propyl  iodide  CjHjI  =  OH,  +  IK  -t-  CsH^.  Propene  glycol 
(CaHJ'XOH),,  is  the  third  diatomic  alcohol.  Colorless,  oily  liquid, 
of  sweet  taste.  Boils  at  188°  C.  By  contact  with  Platinum 
black  into  lactic  acid  CH3.CHOH.COOH,  and  OH,.  Gaseous 
CIH  into  PROPENE  chlorhydrin  CILj.CHOPI.CHjCl.  The  glycol, 
by  distilling  propene  acetate  (CH3.C00)2C3H„  with  2KOH  = 
2CH3COOK  +  (C3H„)"(0H),. 

Propene  oxide  (C3H,j)"0,  is  a  volatile  liquid,  readily  soluble  in 
water:  boils  at  35°  0.  By  aqueous  HOK  upon  propene  clilor- 
liydrin. 
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Propenyl  alooliol  or  Glycerin  (C3H5)"'(0H)3  is  a  triatomic  al- 
cohol. By  substituting  3(0H)  for  3H  in  a  paeaffin,  we  obtain 
a  triatomic  alcohol.  Methenyl  alcohol  (CH)"'(0H)3,  and  ethe- 
nyl  alcohol  (C2H3)"'(OH)3  arc  unknown.  But  most  natural  fats 
are  the  ethers  of  propenyl,  or  glycerid.es.  E.g.  palmitin 
(C3H5)"'(OCjiiH3iO.)3  is  palmitate  of  propenyl.  When  boiled  with 
3K(0H)  =  palmitate  of  K  5[(C,„H3,0(OK)]  and  glycerin.  The 
same  result  in  saponification.  Glycerin  made  originally  byheat- 
iug  olive-oil  (oleate  of  propenyl)  with  lead-o.\ide  and  0H„ : 
"  lead-plaster '  or  lead  oleate,  as  an  insoluble  soap  is  obtained,  and 
glycerin.  Now  prepared,  by  action  of  super-heated  steam  upon 
stearin  or  steauate  op  propenyl  (C3H5)"'(OCisH350)3  -f-  3 
■water  =  glycerin  (C3H5)"'(OH)3-t- stearic  acid  3[C,8H3.0.0HJ. 
Glycerin  is  a  colorless,  viscid  liquid,  of  sp.  gr.  1.27.  In  form  of 
crystals,  it  melts  at  15°. 5  C.  Very  sweet,  does  not  ferment,  but 
with  yeast,  gradually,  iuto  propionic  acid.  Heated,  it  volatilizes 
in  part,  slightly  darkens,  leaves  no  residue,  and  evolves  pungent 
Ifapors  of  acrolein.  As  ethyl  alcohol  by  into  acetic 
acid  CH3.COOH;  ETHENE  glycol  +  0„  into  glycollic  acid 
CH2OH.COOH,  so  also  glycerin  by  Oj  into  glyceric  acid  C3H6O4 
and  WATER.  Treated  with  concentrated  NO,OH,  into  glonoin 
or  nitro-glycerin  CH2(0N0„).CH(0N0„).CH„(0N0.,),  a  heavy 
oily  liquid.  Explodes  by  pei'cussion.  Sulphoglyceric  acid 
03135(011)3803.  Phospho-glycbric  acid  in  the  brain  and  in 
yelk  of  eggs,  Monatomic  hydroxyl  acids  when  heated  in  sealed 
tubes  with  glycerin,  form  water,  and  compound  ethers.  Thus  : 
woN-ACETiN  C3H,(OH)20C„H30 ;  di-acetin  C3H5(OH)(OCoH30)„; 
TRi-ACETiN  C3H5(OC2H30")3.  Glycerides  thus  produced.  Tlie 
hydrogen  acids  can  only  remove  up  to  two  atoms  of  OH.  Thus : 
monochlorhydrin  C3H.(0H)2C1  and  dichlorhydrin  C3H,(0H)C1„. 
Only  by  PCI5  can  we  obtain  trichlorhydrin  G3H5CI3.  'J'hus: 
C3H,(0H)C1„  -i-  CI5P  =  POCI3  +  cm  +  CjH.Clj.  [BrH  like 
CIH.  IH  differently ;  C„Hi„02(0H)I.  Epi-chlorhydrin  C3H5OCI 
by  treating  dichlorliydrin  with  HOK.  Ey  heating  the  mono-  or 
di-chlorliydrins  with  sodium  alcohol,  we  obtain  jion-ethylin 
C3H5(OH)„C2H5  and  di-ethylin  C3ll5(OH)(C2H5)2.  Poly-glyce- 
rins also  exist.] 

AUyl  compounds.  Allyl  alcohol  CHj.CH.CHoOH  =  CjH.OH. 
Coloiless  liquid,  of  pungent  odor.  Very  soluble  in  alcohol,  ether 
and  water.  Boils  at  103°  C.  Inilanunable  pirimary  alcohol. 
Prep,  from  allyl  oxalate  C.,0.,((;)(_"3n.,).,  bv  iHjN  =  oxamide 
GjOjCHjN).  -I- allyl  alcohol.  "Allyl  iodide  CJiJ,  is  a  liquid  of 
sp.  gr,  J.  78;  boils  at  100°  C.  Frcp.  by  distilling  propenyl 
alcohol  will)  plio.splinrus  tetriodido.  Tluis:  2[(C3H5)"'(OH)3]  -t- 
P2I,  =  Ij  -f-  2roil(OH)2  -I-  allyl  iodide  2C3H,I.  Treated  with 
SILVER  oxalate  C„02(OAg)2,  yields  silver  iodide  Agl  and  allyl 
oxalate.    By  treutineut  with  phosphoric  anhydride,  allyl  alcohol 
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trives  allylene  C3H,.  Oxygen  (by  platinum  black,  or  better  by  dis- 
tillation with  potassium  di  chromate  and  sulphuric  acid)  produces 
Acrolein  or  acryUc  aldehyde  GJl  fl,  and  acrylic  acid  tsH.O^. 
Acrolein  CH„-CH-C0H,  is  a  thin,  colorless,  volatile  iquid, 
lio-hter  than  w'ater  ;  boils  at  52°. 2  C.    Its  V''PO';^isJeartully  im- 
l-atin-    By  nascent  H.,  into  ally  lie  alcohol.   With  H3N  into  OH, 
and  Mcrolein-amiiionia."  AcryUc  acid  is  the  first  of  the  acrylic 
series,  of  the  general  formula    C„ll..,-,0,.     Acrylic  ag'id 
C^HjCOOH  =  C3H^0,.    Colorless  liquid  of  pungent,  aJ^omatic 
odor,  soluble  in  ^vatei•.    Melts  at  7°  C.    ^oils  at  i?.)  O  Bj 
nascent  H,  into  propionic  acid.    [Crotonic  acid  CjMjbUUil  _ 
C,H,0„.     ANGELIC  ACID  CJ.H,C00H  =  C,HA,  m  aie  root  of 
Angelica  Archanqelica.  HYroGiEic  acid  L,,4i2(,COUll  _  OigiisjU,, 
as  a  glyceride  in  Araohis  hypog.-m.'i    [Oleic  acid  O.^Hss^'OUil 
=  C  H,  0„,  belongs  to  tbe  acrylic  series.    Obtained  by  the  sa- 
ponification of  olein  or  ter-oleate  of  propenyl,  the  iiuid  portion  of 
most  oils  and  futs.  Olein  (C3H,)(OC,sH330)3,  best  exemplified  by 
olive  oil,  ^vhich,  belo\v  4°  0.,  deposits  solid  palmitin.  Oleic 
acid  cry.stallizes  in  Nvhite  needles  ;  melts  at- 14°  C.  Sp.  gr.  o .  agH. 
Neutral  to  test-paper.    Insoluble  in  water.    Oleates.]  Ally! 
cyanide  CNG3H,,  is  found  in  oil  of  mustard.  Iso-cyamde  of  aUyl 
NGC  H.,  formed  by  digesting  allyl  iodide  with  sdver  cyanide. 
Allyl'suipho-cyanide  NOSC3H5,  chief  constituent  of  oil  of  mus- 
tard.   Excites  to  tears.    Boils  at  148°  C.    By  H3N  into  thio- 
sinamin  or  allyl  sulpho-urea  CS(ILN)(NH.C3H,).  Allyl  sulphide 
S(C3H.),.    In  Allium  sativum. 

Among  important  tri-carbon  compounds,  belongs  lactic  acid, 
of  the  same  series  as  glycollic,  or  oxy-acetic  acid.    [i.  Carbonic 
ACID  CO(OH),.    2.  Ctlycollic  ACID  CHjOH.COOH.l    3.  Lactic 
acid    0311,03',   or    oxy-propionic  acid  (C2H.,)"(0H)(C00H). 
Two  MODIFICATIONS.     Ordinary  lactic,  or  methyl-lactic  acid 
CH3.CHOH.COOII  =  C3H,03.     Colorless  syrup,  of  sp.  gr.  1.215. 
Very  .sour,  and  soluble  in  water,  alcohol,  and  etiier.    Inactive  m 
its  relations  to  polarized  liglit.    Lactates.    (0311503)20^,5  OHj. 
Nodular   group   of  needles,  soluble    in  9.5  parts   of  water. 
(C.,H503),Zn.30I-L,  slender  needles,  soluble  in  5«  of  cold  water. 
When  lactic  acid"  heated,  forms  anhydride,  or  lactide  (JjIiiO.,, 
and  di-lactic  acid  G,,H,„0,,.     Lactyl  chloride  CJaHiOCl,  = 
CJI,C1.(;0C1.    Colorle.-5S  liquid,  by  water  into  Clli  and  cliloro- 
jiroji'ionic  acid.     Prep,  of  iso-lac'tic  acid.     By  lernmntation : 
GLUCOSE  CJiijO,,  =  2  lactic  acid.    Lactose  CiJI^jOn  +  OH.,  = 
A  lactic  acid.— By  oxydation  of  propene  glycol.— By  contact  tor 
some  days  of  CH,.COH  +  GNH  +  CIH  +  2(OH2)  =  CIH.N  + 

lactic  acid.  By  HNOj  ujion  aimido-I'Iioi'ionic  acid  or  alanine. 

By  moist  HOAg  on  chloro-propionic  acid  CIl3.('IlCl.COOH. 
(And  lactic  aiad  by  2111  into  propionic  ai  i.i.) — Sarco-lactic,  para- 
lactic,  or  ethene  lactic  acid  CJIi.OlI.COOH,  exists  in  mnscular 
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flesh.  Turns  the  plane  of  polarization  to  the  left.  Calctttji 
FARALACTATE,  4OH2,  is  Soluble  in  12  of  cold  water.  Zrac  para- 
LACTATE,  2OH2,  in  thick,  shining  prisms,  soluble  in  17  of  cold 
water.  Heated  to  130°,  paralactic  acid  yields  dilactic  acid, 
changed  by  water  into  iso-lactic  or  ordinary  lactic  acid. 

IV.  Tetraoarhoa  group  C,.    Butane  C,H,o  series. 
Butane  or  Quartane  CiIIi„.    As  normal  (diethyl),  CH3-CH,- 
CH2-CH3  a  colorless  gas,  liquid  at  0°  C.    In  petroleum  By 
heating  2IGJ-I,  +  Zn  =I,Zn  +  C,H,„.  As  iso-butane (CHXCHj), 
a  gas,  liquid  lielow  -  i7°C.    Butyl  or  tetryl  alcohol  is  propyl 
CAHBiNOL  CH3.CH,.CH,.CH„0H  boils  at  ii5°C.,  ligliter  than 
water,  and  bat  little  solulde.     Prep   from  bcttl  chloride 
C,H„C1  +  CH3.COOK  =  CIK  +  0H3.COO(C,HA      Then  • 
2[CH3,COOC,H,]  +  (OH),Ba  =  (CH3.C00)„Ba  +  C.H.Oh! 
Also  Irom  bdtyeic  aldehyde  CHj.CHoGHoCOH,  by  nascent  H, 
Also  from  pRorENYL  nitrile  CsHjCN  by  nascent  H„  into  butyl- 
amin  C.,H,|PI,N ;  tlie  latter  into  buty'l  nitrite  by  IS^OOH,  and 
distilling  tiie  nitrite  with  HOK.    By  oxydation  into  butyric  acid 
CH3.0I-L,.CH,.C00H.    [i.  Formic  acid  H.COOH.    2  Acetic 
Aciu  CH3.COOH.   3.  PBOnoNic  ACID  CH3.CH„C00H.]   4  Bu- 
tyric acid  CH3.CH„.CH,.C00Ii.    Tliis  acid  ii.  juice  of  muscle, 
in  perspiration  ;  as  butyrin  or  propenyl  butyrate  in  butter.  A 
viscid  liquid,  of  rancid  odor,  easily  soluble  in  water  and  in 
alcoliol.    Sp.  gr.  0.958.    Solid  at  -  12°  C;  boils  at  ihfC. 
In  fermentafinn  of  lactose,  in  presence  of  clialk,  fir.st  calcium 
lactate,  and  then  with  evolution  of  2CO,  and  2H,  into  calcium 
butyrate.     203^1,03  =  2C0„  +  2H„  +  butyric' acid  CJI  O. 
=  CjHjOH.     Calcium  butyrate,   6H„,  shining  scales,  less 
soluble  in  boiling  water.  Ethyl  butyrate  C^H-OO.CoH,.'  Peo- 
penyl  nitrile  C3H,CN,  by  heating  with  HOK,  +  0H„"=k3N  + 
potassium-bi  tykate  (JH3.CHX!H„.C00K.  [Iso-butyl  alcohol 
CH3.CI-I2.HCOI-I.CH3,  in  fouscl  oil.    Soluble  in  ich  parts  of 
water.    Boils  at  1 10°  0.    By  oxydation  into  iso-butyric  acid 
CH(CH3)2COOH.   Secondary  butyl  alcohol  or  methyl  ethyl 
alcohol  CI-IaC'Ji^.CIiOH,  a  colorless  oily  liquid,  of  burnin>^' 
inste  and  pungent  odor.    Sp.  gr.  0.85  ;  boils  below  97° C.  At 
250°  C,  into  OH.,  +  butene  C^Hj.    Prep,  from  secondarv  "butyl 
iodido  by  HOAg.] 

[Erytiirite  (J,',l-i„(OIt),  or  phycite  C,H,„0,,  is  tlio  teti-atoinic 
alcohol  Irom  wliicli  soeonilary  butyl  iodide  is  prepared  by  hcatin"- 
it  witli  7IH  =  4OIL  +  il„  +  C(OH3)(C„H0H[.  A  sugar,  crys^ 
tallizing  in  transp.irent  prisms,  readily  soluble.  Is  found" in 
Protoooocns  vnhjiiris.  Tertiary  butyl  alcohol  C(CH3)30H, 
m  rhombic  pri.sms.  melting  at  25°.  5  0.  Boils  at  82^.  5  C.  By 
oxydation  into  acetic  acid  and  acetono.     Prep.  CH3COCI  + 
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(CH3),,Zn  =  ZnO +C(CH3)3C1.  Then:  C(CH3)3C1  +  0H2  =  C1H 
+  C(CH3)30H.] 

Malic  acid  C„H3OH(COOH)3  =  C4E[,505.  Oxt-stjcoinic  acid. 
Already  seen  at  p.  99,  that  in  ordinary  succinic  acid,  CH,  can 
exchange  both  atoms  of  H  for  OH,  and  thus,  from  mono-bromsnc- 
cinic  acid  we  obtain  by  AgOH,  silver  bromide  and  malic  acid. 
Naturally  in  many  acid  fruits ;  apples,  gooseberries,  Sorhus 
auenparia,  Rumex,  &c.  Tri-atomic  ;  di-basie.  Colorless  prisms, 
deliquescent.  Also  soluble  in  alcoliol.  Loses  0H„  at  I3C°C., 
and  at  175°  C.  into  maleio  acid  C^H^Oj  and  pumaric  acid 
C4H,0,  or  (CHC00H)2.  [Fumaric  acid  into  succinic  acid  by 
nascent  H^.]  By  reducing  agents  into  succinic  acid.  Acid  and 
neutral  salts.  Lead  malate  insoluble  in  water.  Am.monium 
acid  malate  in  crystals.  Calcium  malate  sparingly  soluble  : 
acid  salt,  crystallized  from  nitric  acid  ;  with  80H„.  Asparagia 
C„H3(H2N)CO.H,N.COOH  is  the  amide  of  malic  acid.  In 
asparagus,  marsh-mallow,  &c.  In  lustrous,  riiombic  prisma 
C.,H,No03,0H2.  Insoluble  in  alcohol  and  ether.  By  fermentation 
into  ammonium  succinate.  [Aspahtic  acid  CH(H„N)(C00H). 
CH,.COOH  mav  be  regarded  as  amido-succinic  acid:  by 
NO(OH)  into  MaUc  acid,  +  N,  +  OH,.] 

Tartaric  acid  C2H,(OPI)2(COOI-I),  =  C,H„0„.  Tetratomic  and 
dibasic.  Dextro-tartario  acid  is  the  acid  of  grapes,  tamarinds, 
pine-apples,  &c.  Transparent,  mono-clinic  prisms,  very  soluble 
in  water  and  in  alcohol.  Sour  ;  not  corrosive.  Melts  at  135°  C. 
and  at  r  70°  C.  into  inactive  mcsotartaric  acid.  Heated  to  204°  C. 
it  loses  OH2  and  becomes  anhydride  CH^O,.  Ciiars ;  evolves 
smell  of  burnt  sugai-,  carbonizes  and  burns  away  without  residue. 
With  2KOH  =  C/J2.OII.OK  -f  CH3.COOK  +  2OH,.  Dissolves 
Fco(OH)„  and  dries  to  brown,  glassy  suljstance  :  not'precipitated 
by  ammonia.  Potassium  tartrate  CjH„(OH)„(COOK)„,  very 
soluble.  By  neutralizing  the  acid  salt  with  CO(0„Ca)  as'in  the 
preparation  of  tliencid:  Potassium  acid  tahtrate  CJI/OH), 
COOH.COOK,  is  Cream  of  tartar.  White  grittv  powder, 
requiring  180  parts  of  cold  and  6  of  boiling  water.  Arqol.  De- 
compo.sed  by  lieat,  carbonizes,  inflames, and  leaves  C0(0'K)2  ^i^'l 
cliarcoal.  KOH  and  NH,  in  solution,  acid  ri',mnining  in  excesx, 
give  chanifitcristic,  white,  cry.stalline  precipitates  of  C.II.O, 
(()H)fOK)  and  C,,H„0,,(()H)(6H,N),  resiicctively.   Rochelle  salt 

C,H,,0.,(0Na)(()K),4nq.  In  large  triinspareiit  rhombic  prisms, 
solulile  in  parts  of  water.  Calcium  tautuate  is  insoluble' 
lime-water  precipitates  tiirtario  acid.  Tartar  emetic  2[C,H,(),' 
((JSb)()K],0Jl2,  in  riiombic  octahcdni,  soiulilo  in  15  of  cohl  and 
5  of  boiling  water.  Al.so  with  (OAs)  instead  of  (OSlj).  Tlio 
basic  liyih-ogen  of  liydnixyl  in  tarlaric  acid  is  displaccable  liy 
one  or  two  alcoiiol-radicles.  Racemic  cir  paratartaric  acid  cry.s- 
tallizes  with  ouo  niol.  of  water,  in  rlunnbic  prisms.    No  action 
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on  polarized  light.  In  the  grapes  of  the  Vosges,  and  of  the 
Upper  Ehiue.  Artiflciall}'  bv  boiling  dibrom-succinic  acid 
C,H„Br„(COOH).  with  2Ag(0H).  ;  it  is,  however,  mixed  with 
inactive  tartaric  acid. 

V,  Pentacarbon  Cj  group.    Pentane  C^Hjo  series. 

Pentane  or  ethyl  propyl  C^H,,  =  CoHs.CjH^.  In  petroleum. 
A  liquid  of  sp.  gr.  0.6,  boiling  at  3  7°C.  [Also  isopentaxe.] 
No  less  than  eight  pentyl  alcohols.  Butyl  carbinol  CHo.CHo. 
CH,CH3CH,0Ii  is  tbe  normal  primarv  pentj'l  alcohol.  From 
normal  butyl  alcohol,  a.  into  CHo.CH„.CH...CH3.CN ;  h.  into 
CH,.CH2  CH2.CH3.COOH ;  c.  into  valeric  aldehyde  CH,.CH,. 
CH0.CH3  COH,  a  limpid,  praigent  fluid,  of  sp.  gr.  0.82,  boiling  at 
96°  0. ;  and  d.  into  the  alcohol  by  nasceut  hydrogen.  Boils  at 
135°  C.  By  na.sceut  oxvgen  into  propyl-acetic  or  normal  valeric 
acid  CjHg.COOH,  the  'fifth  of  the  fatty  acids.  Oily  liquid,  of 
sp.  gr.  o.gi7  ;  boils  at  185°  C.  Smells  like  butyric  acid.  Iso- 
butyl  carbinol  CH.(CH3)„.(C.>HjOH)  is  the  common  amylic 
alcohol  of  fermentation,  known  as  fousel-oil.  Oily,  colorless, 
mobile  liquid,  of  peculiar  odor,  and  burning  acrid  taste ; 
sp.  gr.  0.825  ;  boils  at  130°  C.  Little  soluble  in  water;  veiy 
soluble  ill  alcohol  and  ether.  Exerts  rotntoiy  action  on 
polarized  light.  Burns  with  blue  flame.  By  platinum  black 
or  nasceut  Oxygen  into  iso-valeric  acid  CIIo.OH(CH3)..COOH, 
or  common  valerianic  acid.  In  root  of  Valerian,  Angelica,  the 
berries  of  Viburnum  Opulus,  &c.  Colorless  liquiil,  of  sp.  gr. 
0.947,  boiling  at  175°  C.  Odor  of  valerian.  Burns  when 
inflamed.  Iso-valcrates  of  zinc  and  bisnuitli  used  in  medicine. 
Iso-pentyl  chloride  is  an  inflammalile  liquid.  Iso-pentyl  iodide 
CH.((JH3)2.CoH.,I,  hesited  to  290°  C.  in  sealed  tubes,  yields 
decane  or  diamyl  CsHn.CjH,,.  Zixc-amtlide  (CsH,,)™  Zn 
formed  at  same  time,  changed  by  OH^  into  OZu  +  2  mols.  of 
pentane.  Amyl-ether  O5H,, . 0.0,11, , ;  colorless  oily  liquid. 
Amyl  acetate,  fragrant  liquid,  with  odor  of  Jargonelle  pcnrs. 
Iso-pentene  or  amylene  0,11, „,  is  a  colorles.s.  mobile  liquid, 
obtained  from  the  i.so-butyl  alcohol  l_iy  distilling  with  CLZn,  or 
PjOj.  Iso-pentene  glycol  CJ-I|„(OH).,.  is  the  only  amylene 
glycol  known.  Prepai'cd  from  the  acetate,  like  the  other  glycols 
(p'.  96),  by  distilling  with  Ba(OH).,,.  Iso-pentenyl  alcohol  is 
amyl  glycerin  (C,,H,,)(OH)..  Dense,  colorless  liipiid,  of  aromatic 
taste.    Soluble  in  water. 

[PyRo-TAUTAiuc  ACID  or  niethyl-succinic  acid  CH3.CH. 
COOH.CH..COOH,  by  dry  distillation  of  tartaric  acid,  and  by 
nasceut  H._,  upon  itaconic,  citraconic,  and  mesaconic  acids. 
Small,  rhonibic  pri.sms,  by  loss  of  wat-er  into  tartaric  anhydride 
(p.  icO- 

Uric  acid  and  its  derivatives.    Uric  acid  C^H^NjOj,  a  white 
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crystalline  powder,  without  taste  or  smell.    Requires  ro.ooo 
parts  of  water  for  solution.    Insoluble  in  alcohol  and  ether. 
iSoluble  without  decompositiou  in  hot  oil  of  vitriol.    In  the  urine 
of  men  and  animals  ;  0.057  pci"  cent,  in  human  urine,  Serpent's 
duug  consists  of  uric  acid  and  ammonium  urate.   In  destructive 
distillation,  uric  acid  yields  CO,,  CNH,  CNOH,  CO(0H,N)„  and 
a  coaly  residue  rich  in  N.  Di-basic.    C5HjN4O.OH.OK,  requires 
500  parts  of  cold  water.    Sodium  urate  constitutes  "chalk- 
stones."    Am.moniuii  urate  requires  looo  parts  of  water  for 
Solution.    When  uric  acid  is  evaporated  with  NOoOH,  a  deep- 
red  tint  is  produced,  wliich  becomes  purple  with  H3N  (murexid 
CaH/H4N)N'.,0(i).    On  heating  uric  acid  with  hydrogen  iodide, 
+  5OH2,  it  is  re.solved  into  glycocin,  +300,  +  5H3N.  Alloxan 
C4H2N204,40H2  in  rectangular  prisms,  anhydrous  at  150°  0. 
By  the  action  of  strong  nitric  acid  upon  uric  acid,  urea  is 
formed,  but  decomposed  by  the  nitrous  acid  :  C5H4N4O3  + 
OH,  +  0  =  C,,H,N,04  +  CO(NH,),.     It  may  be  regarded  as 
MESOXALYL-UREA,  in  wlilcli  mesoxalyl  (C3O3)  takes  tlie  place 
of  H3.    It  stains  the  skin  red,  and  gives  a  blue  color  with 
ferrous  salts.     Boiled  with  2ll3N  =  2OH2  +  iMTCOMELTC  acid 
C4H4N402.    With  dilute  acids,  into  oxalic  acid  and  urea.  Its 
aqueous  solution   when  boiled  :    jCjHjNjO^  =  alloxantin 
C,H,N40,  +  parabanic  acid  C3H2N2O3  +  CO,.    Alloxanic  acid 
64114X205,  on  boiling  with  water,  +  0H„,  is  resolved  into  urea 
COCHjN),  4-  MESoxALic  acid  CgOjCOHjj  (p.  99).  Me.soxalic 
acid  +  H2  =  TARTiiONio  ACID  0311405  =  CH.0H(C00H)2,  a 
tri-atomic  and  di-basic  acid,  in  the  same  series  as  malic  acid 
CH.OH.COOH.UHj.COOH.     Parabanic    acid    C3H2N2O3  = 
C0."(HN.C0)2  or  oxalyl-drea,  is  formed  by  the  action  of 
nitric  acid,   and  heat  upon  alloxan  or  upon  uric  acid: 
C5H4N4O3  -I-  O2  -I-  2OH2  =  2H3N  +  2CO2  +  C3H2N2O3.     It  13 
di-basic.    In  presence  of  alkalies,  it  takes  up  water,  and  is 
changed  into  oxALUiiir  acid  03114X204.    When  parabanic  acid 
is  neutralized  witli  H3N  and  boiled,  ammonium  oxalt'rate  ia 
deposited  in  cry.stals  on  cooling.    Alloxantin  CJ-I4N4O;, 5OH2, 
is  a  product  of  tlio  reduction  of  alloxan.  204112^204  -|-  Slij 
:  OH,  -f-  S  -h  C,H4N40,.    Small  colorless  prisms.  Prolonged 
action  of  hydrogen  suljiliidc^  u|)ou  alloxan  gives  rise  to  dia- 
lurio  acid  (J4H4N2O4.    Kasily  accomplished  by  moist  .sodium 
amalgam.    Dialuric  acid  may  be  regarded  as  tartronyl-urea 
0404(112^)2.     Purpuric   acid   CJI,N,,0„  as  Ammonium  puii- 
PURATK   0,H4(ll4N)N,()„,  or  Murexide,  is  easily  formed  by 
heating  dry  alloxantin  with  2H3N  at  100°  0.    Thus  :  OJI.NjOj 
+  2lI,N  =  C,H4(H4N)N50„,0H2.      Small   square   prism.s,  of 
green    metallic    lustre,   little    solulslo   in   water.  Allantoin 
C4H„N403,  in  brilliant  prismatic  crystjils,  solubles  in  iTio  parts  of 
cold  water.    Contained  in  the  allantoic  tluid  of  the  faslal  calf. 
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Artificially  by  boiling  uric  acid  with  lead  peroxide  and  water  : 

2C5H4N.,03  +   O,   +    5OH2   =   2    TREA   +    2    OXALIC     ACID  + 

C4H5N403.  TMonuric  acid  C^HgNgSO,;,  a.9  ammonium  thiontj- 
BATE  is  obtained  when  a  solution  of  alloxan  C^HjNoOj  is 
mixed  with  a  slight  excess  of  S0(0H)2  :  then  ammonia  and 
ammonium  carbonate  are  added,  and  the  whole  boiled.  When 
tliionuric  acid  is  boiled  with  water  +  OH,  =  S0,(0H)2  + 
uramil  C,H,N.,03.  Then :  tramil  CjH5N303  +  alloxan 
CJ-IjNjOj  +' AMMONIA  H3N  =  murexid  C,H4(HjN)N50s,OH„. 

VI.  Hezacarbon  Cu  group.    Hexane  C6H14  series. 

Hexane  CoHi.,  or  di-propyl.  Occurs  as  normal  CH3.(CH„)4CH3 
in  petroleum.  Boils  at  70°  C.  From  normal  propyl  iodide  by 
sodium.  Or  by  2CIH  +  Zii  on  secondary  hexyl  iodide.  Iso- 
hexane,  or  propyl-dimethvl-methane,  boils  at  62^  C.  Methyl- 
butyl  carbinol  or  primary  hexyl  alcohol  0„H,3.0H  = 
CH3(CH„)jCH.^0H.  Li(iuid  of  strongly  aromatic  odor.  Sp.  gr. 
0.B2  :  boils  at  156.6°  C.  The  essential  oil  of  Heracleum  (jigan- 
teum  is  a  mixture  of  hexyl  butyrate  and  octyl  acetate.  Cai'ROIO 
ALDEHYDE  CHjCCHjXCOH.  Caproio  acid  or  pentytl  forjiic 
ACID  CH3(CH2),,C00H.  The  sixth  of  the  fatty  series,  of  which 
formic  acid  li.COOH  is  the  first.  Clear,  mobile  liquid,  of  pun- 
gent sudorific  odor.  Sp.  gr.  0.895;  boils  at  205°  C.  Con- 
tained in  perspiration ;  as  a  glyccride  in  butter,  and  largely  in 
cocoauut-oil.  Artificially  by  heating  normal  pentyl  cyanide 
CH3(CH„)4.CN  with  KOH  solution.    Hexene  glycol  C„H,„(OH), 

CH„OH.(CH„X.CH,,OH.  Boils  at  20-^  C.  Secondary  hexyl 
ALCOHOL  or  METHYL-BETYL-CARBiNOL  CHj.C^H.i.CHOH,  is  a  viscid 
liquid,  of  pleasant,  rel'reshing  odor;  boils  at  137°  C.  By  CIH, 
into  CHLORIDE,  and  water.  Prepared  by  treating  mannite 
C„Hs(OH),.  with  strong  HI,  we  obtain  60H„  +  5I2  +  secondary 
HEXYL  iodide  C|3H,3l.  The  latter,  with  AgOH  gives  Agl  + 
CH3.C,,H,,.CH0H.  When  oxydized,  into  methyl- butyl-ketone 
CH3.CO.C4H51.    Hexene  C|;H,o  is  obtained  from  this  alcohol. 

Tlie  hexatomic  alcohols  and  ethers  must  be  included  in  this 
group.  Mannite  C„lIs(OH)|i,  in  fuur-sided  prisms,  easily  soluble 
in  water  and  alcohol  ;  not  in  ether.  Jlelts  at  166^  C.  IMado 
from  manna,  an  exudation  from  the  ash.  Also  contained  iu 
mu^h^oom.s,  onions,  celery,  asjiaragus,  and  in  various  sea- weeds. 
Glucose  also  by  nascent  H„  into  maunite.  ]?y  oxydatiou  with 
Platinum  black,  into  mannitic  acid  CH.,0H(CH0H)4C00H  ; 
and  further  by  nitric  acid  into  sauc^haric  acid  (CH{.>11)4(COOH)j 
and  OXALIC  acid.  By  fuming  N02(0H)  into  nitro-mannite 
C„HXN*-*2)o*  *«•  15y  hydriodic  acid  into  secondary  hexyl  :dcoliol. 
Dulcite  is  isomerio  with  maunite.  A  sugar  imported  from 
Madagascar.    Melts  at  182°  C.    Yields  mucic  acid  by  oxydation 
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■with  niti'ic  acid.  Sorbite  contains  water  of  crystallization 
^[CeHsCOHxi.jOH,.  Melts  at  r  ro°  C.  None  of  these  sugars 
ferment  with  yeast,  or  reduce  alkaline  cupric  solutions.  Finite 
and  QUERCITE,  are  sugars  isomeric  witli  mannitan  CoHsO(OHX. 
Glucose  CijHi.Ob,  is  tlie  aldehyde  of  mannite,  into  which  it  is 
changed  by  nascent  hydrogen.  Dextrose  is  the  common 
glucose  or  grape-sugar, — the  sugar  of  fruits.  It  requires  i .  224 
parts  of  water  for  its  solution,  and  is  therefore  less  sweet  than 
SUCKOSE.  It  crystallizes  as  C6Hi„0„,0Ii„  in  granular  masses. 
Keadily  loses  this  water,  and  at  170°  C.  into  GLrooSAN  CJi,„Oi 
+  0H„,  which  does  not  ferment,  and  is  scarcely  sweet.  Solution 
of  dextrose,  reduces  solution  of  cupric  salts,  when  rendered 
alkaline,  and  with  sulphuric  acid  forms  sulpho-saccharic  acid 
CsHijOsSOj.  Eeduces  also  salts  of  Ag,  Hg  and  Au.— CaO,  BaO, 
and  PbO  form  compounds  vvitli  dextrose.  Unites  with  NaCl. 
Browns  with  KOH.  With  veast  at  24°  C.  undergoes  vinous 
fermentation:  C,H,,0«  =  200,  +  aCC^H^COH)].  In  diabetes 
abnormally;  in  tiie  blood,  albumin  of  eggs  and  in  the  urine, 
normally  in  minute  quantities.  Artificially,  dextrose  prepared 
from  STARCH  C,,H3„0,^  by  diastase,  or  boiling  with  dilute  sul- 
phuric acid.  First  into  dextrin  and  dextrose  :  CiaHgdO,^  +  OH2 
=  2(C„H,„05)  +  C,jH,206.  By  further  OH.,,  dextrin  into  dextrose. 
Laevulose  C^HijOe,  in  honey  and  many  fruits,  with  dextrose. 
Fruit-sugar  is  a  mixture  of  the  two  :  also  called  invert  sugar. 
Very  sweet,  uncrystallizable  syrup,  very  soluble  in  alcohol.  Its 
calcium  compound  is  solid,  and  separable  from  dextrose ;  then 
decomposed  by  COj.  Also  formed  by  dilute  sulphuric  acid  and 
heat  from  sucrose.  (Laevulosan  C|iH,„05  is  the  anhydride  or 
oxygen  ether.  From  sucrose  by  heat  at  r6o°  C.  =  dextrose 
CjHijOg-l-LAEvuLOSAN,  which  does  not  ferment.  Inosite  C|;Hj„0|j, 
in  prisin.s,  re.sembling  Selenite.  Not  fermentable.  In  the 
muscular  substance  of  the  heart,  and  other  organs,  in  beans  of 
various  kinds,  and  in  lentils,  cScc.  Galactose  C„H,20„,  also 
resembles  dextrose,  and  is  obtained  from  lactose,  by  heating 
with  dilate  sulphuric  aci<l.  Glucosides  contain  glucosan ; 
formed  by  heating  for  a  length  of  thne,  glucose  with  various 
organic  acids,  and  elimination  of  watrr.  Sucrose  CijH^jO,,  is  a 
di-glucosic  alcohol.  2G,iII,208  —  11,0  =  Chiefly 
from  Scwhurum,  ojjiciuarum.  Also  in  almonds,  nuts,  coffee- 
beans,  most  sweet  fruits,  &c.  As  sugar-candy,  in  4-sided,  ol)- 
lique-rhornbic  firisms,  with  di-hedral  sunniiits.  "Syrup"  boils 
at  r  io°  G.,  but  reiluced  to  65^.5  C.  in  vacuum-boilers.  Melts 
at  160"  C.  Barley-sugar  is  amorphous  sucrose.  Very  sweet,  as 
it  requires  otdy  one-third  of  its  weight  of  water  for  solution. 
Antiseptic.  By  long  boiling,  -f  HjO  into  laevulose  :  quickly,  by 
dilute  acids.  SO,!!,,  decomposes  sucrose,  with  scpanitioii  of 
carbon.    Easily  oxydized;  heuco  u  reducing  .agent.    Doca  not 
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brown  with  allcilies,  nor  does  its  solution  reduce  cupric  salts  in 
presence  of  KOH.  Heated  to  i6o°  C.  into  dextrose  C^'Si^„Os 
and  LAEVTJLOSAN  CsH|„05 :  at  210°  C.  into  caramel  C,,H,gOg + 
2H2O.  By  dilute  nitric  acid,  at  50°  C,  +  =  H,0  +  sac- 
charic ACID  (CHOH)j(COO£I)„ :  at  a  boiling  heat  into  oxauc 
acid  C,02(C0011)„  (p.  98).  Dissolves  CaO.'and  forms  calcium 
compounds;  also  with  ClNa.  [Melitose  C,„H220,,.30H„,  from 
the  manna  of  Eucalyptus.]  Lactose  C,2H"„„dj^„0H„,  is'  milk- 
sugar.  From  whey,  in  white,  translucent,  four-sided'  prisms  of 
great  hardness.  Requires  five  to  six  times  its  weight  of  water 
for  solution:  insoluble  in  alcohol  and  ether.  Eight-handed 
rotation,  like  dextrose.  Reduces  cupric  salts.  By  dQute  SOjH,, 
into  dextrose.  Forms  a  crimson  solution  with  oil  of  vitriul. 
With  dilute  nitric  acid  into  mucic  acid  CjH/OH)^(C'OOH)„, 
soluble  in  66  parts  of  boiling  water.  Gradually  ferment's 
with  yeast.  With  cheese  or  glutiii,  into  methyl-  or  ordinary 
lactic  acid  CH3.CHOH.COOH  =  CjH^Oj  (p.  103).  Trehalos'e 
Ci2H2„0,],20H2  from  Trehala  manua.  Mycose  C,2H„„0j„0H.,, 
from  ergot  of  rye,  resembles  trehalose.  Both  are  very  soluble 
and  very  sweet.— Starch  CisHj^Oij,  may  be  regarded  as  the 
anhydride  or  oxygen-ether  of  a  triglucosie  alcohol.  From 
3CeH,20u  7nmus  3OH2  =  C,8H3„0,5.  Starch,  fecula  or  amylum 
is  most  abundantly  ditfused  through  seeds,  roots,  tubers, 
stems,  &c.  Varieties  of  starch.  Sago,  from  the  pith  of  a 
palm.  Tapioca  fiom  Jatropha  Manihot.  Salep  from  Urchis 
mascula.  Arrowroot  imm  Mara.nta  arundhmcea.  A  very  dilute 
solution  of  sodium  hydroxide  is  employed  in  removing  the 
glutin  from  rice,  aud  leaving  the  starch.  Soft,  white,  gli^tc-ning 
powder,  destitute  of  crystalline  structure,  made  up  of  little 
rounded  and  fiatteiied  grains,  upon  each  of  which  a  series  of 
depressed  parallel  rings  surrounding  a  central  hilum  may  be 
traced.  Ditfer  in  size  and  shape;  largest  in  jiotato-starch, 
smallest  in  rice.  Insoluble  in  water,  alcohol  and  ether.  Heated 
with  water  above  6c°  C,  the  granules  swell,  burst  and  form  a 
gelatinous  mass  (ainidin),  precipitated  by  ammimiacal  lead 
acetate,  by  infusion  of  galls.  With  free  iodine,  starch  forms  a 
blue  compound:  the  chief  test.  Heated  to  204"^  C.  into  dextrin 
CoHioOj,  whidi  is  used  as  a  substitnte  for  gum  arabic.  When 
boiled  with  voiy  dilute  sulphuric  acid,  first  by  OK,,  starch  is 
changed  into  2  of  dextrin  and  i  of  dextrose,  and  the  dextrin 
by  fui'tlier  boiling  altogether  into  dextrose  C,iH,oO„.  Glycogen 
CiiHi,iO,,  is  a  starch-like  substance  obtained  from  the  liver  of 
many  animals  and  from  the  nuiscles  of  foetal  calves.  Soluble 
in  water ;  solution  (iiialescent.  In.solnble  in  alcohol.  Inulin 
CiiHiiiOj,  in  Inula,  Lrontodon,  Colchicum,  DahUa  tubers,  &c. 
Colored  brown  by  iodine.  By  acids  into  laevulo.se.  Not  preci- 
pitated by  lead  acetate  or  infusion  of  galls.    Cellulose  C,gCs„0,j, 
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is  the  basement-tissue  of  vegetables.  Porous  in  pith  ;  dense  in 
vegetable  ivory.  Tasteless,  insoluble  in  water  and  alcohol, 
unaifected  by  boiluig  water,  as  will  be  understood  by  the  remem- 
brance (jf  the  nature  of  linoa  and  cotton,  which  may  be  regarded 
as  cellulose.  By  strong  sulphuric  acid  into  de.xtrin,  and  by 
subsequent  boiling  with  water  into  dextrose  ;  the  acid  removable 
by  chalk,  and  filtration  from  SO.,Ca.  Cellulose  is  not  colored 
by  iodine,  and  is  soluble  in  ammoniated  solution  of  Cupric  oxide. 
By  strong  NOjOH,  into  pyroxylin  or  guncotton  CigH2,(N02)qO,5, 
insoluble  in  mixed  alcohol-ether.  Another  variety  ^(^^[^^(NO,)^©!, 
is  soluble  in  alcohol-ether.  Yet  another  Oj3H2,(N02)jOi5,  is 
soluble  in  glacial  acetic  aeitl :  the  two  last  used  in  making 
collodion.  Reducing  agents  replace  the  hydrogen.  Arabin, 
Ci2H,„Oi„,OH2,  as  in  gum  arable,  is  isomeric  >  with  sucrose. 
Soluble  in  cold  water,  it  is  precipitated  by  alcohol.  White  or 
pale-yellow,  non-crystalline,  of  smooth  conchoidal  fracture.  It 
is  not  precipitated  by  neutral  lead  acetate.  Mucilage  resembles 
arabin,  but  is  not  precipitated  by  lead  acetate.  Gum  tragacanth. 
is  not  soluble  in  water;  chiefly  composed  of  bassorin.  Cerasin, 
from  Primus  Cerasus,  resembles  ba.s.soiin.  [Pectose  is  contained 
in  the  pulp  of  unripe  tleshy  fruits,  fleshy  roots,  &c.  It  is 
insoluble  in  water,  and  changed  by  acids  into  soluble  Pectin 
C32H.18O32,  such  as  is  contained  in  ripe  currants,  gooseberries,  &c., 
and  causes  the  formation  of  jellies.  Separable  by  alcohol  from 
solution.] 

To  the  gluoosides  belong  certain  bitter,  ciystalline  sub- 
•  stances,  difl'used  through  vegetable  king<lom,  which,  by  bniling 
with  dilute  acids  or  alkalies  {+  OHj).  change  into  glucose  and 
some  other  substances.  Salicin  G^3^^ff^■,.  White  needles,  of 
bitter  taste  in  bark  of  Halix,  Populus,  &c.  By  SO,!!,,  deep  red. 
By  EMULSION,  -I-  OH,  =  Glucose  06H,,0„  -f  Saligenin  C,HgO,. 
When  distilled  with  SO,,!!,  and  CrO3,Cr02(O!v)2,  it  yitld's 
SALICYLIC  ALDEHYDE  CgHjO  1 1 .00!!.  HeUciu  0|.,li,„0„  cry.',tal- 
line  bitter.  By  dilute  NOjOH  upon  salicin  CuHigO,.  Aloin 
GijHjuO,,  yellow  needles,  the  active  principle  of  aloes.  Amyg- 
dalin  C2„n27NO,,,30!l2  in  white,  inodorous,  slightly  bitter 
scales.  Thus  by  synaptasc  or  emulsion,  a  species  of  diastase  : 
2C2„H27N0,,  =Gi,ucosiiC„H,20„  -t-  2CNH  -f  40I-I2  +  4IIC00H: 
-f  4C„H,,C0!!.  Populin  C|3!I,;(C,HjO)0,  accompanies  salicin  in 
bark  of  the  aspen.  Aesculin  C2,!!2,,0,3,  crystalline  and  fluores- 
i  cent.  Phlorizin  (  '2,11,^0, „,20H2,  silken  needles.  In  root-bark 
of  the  ch(_'rry,  ajiple,  Ac.  By  dilute  acids  -|-  OH,  =  glucose 
GoHijOa  +  iMiLoitETiN  (JijHiiCs.  Glycyrrhizin  Qn.,lLJ.)^,  un- 
crystallizable  sugar  of  li(|uorioo.  Does  not  iermont.  Myronio 
acid  GiJli^NSjOin  as  totassium  myuonatr  in  black  mustard- 
seed.  !iy  niyrosiii,  into  glucose  0,,!r,20,|,  totassium  iiydiioxyl 
suuuATE  S0j(0!!)(0K)  and  sulphocjyanide  of  allyl  NCGalljS 
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(p.  ro3).  Chitin  CjHi^NOa,  forms  the  elytra  and  integuments 
of  insects,  and  the  earapnces  of  crustaceans.    By  2H,0  = 

C„HiJ)„  +  LACTAMIDE  C3H.,(H„N)0o. 

The  benzene-derivates  may  also  be  considered  under  tlie' 
Hexyl-group.    The  hydro-carbons  of  this  series  CHju-o,  the 
aromatic  group,  aie  analogous  to  the  paralHa  series  of  the 
fatty  group. 

Benzene,  Phene  or  phenyl  hydride  CgHjH=C|;H5,  a  colorless, 
limijid  liquid,  of  sp.  gr.  0.885  '^''I'i  ethereal  odor.  Boils  at 
80°. 5  0.  Solidifies  at  0°  C.  Soluble  in  alcohol  and  etlier.  A 
great  solvent  of  fats,  oils,  resins,  sulphur,  pliosphorus,  &c.  At 
a  bright-red  heat,  in  absence  of  air,  into  H,  +  C„H.,  +  uiphentl 
C12H1,,,  &c.  Is  contained  in  the  more  volatile  portions  of  co;il- 
tar  oil.  Also  by  heating  benzoic  acid  Cgllj.COOH  with  CaO 
=  CO(0.,Ca)  +  C„H„.  Unites  with  3CU  to  C„H,C1„,  a  crystal- 
line body.  Also  with  3CIOH  to  C,iH„(C10H)3 :  by  potassium 
hydroxide  into  3CIK  +  phenose  CuPIi^O,,.  Mono-chlorbenzene 
CijHjCl,  liquid  of  r .  128  sp.  gr.  By  CI5P  upon  phenol  C^HjOH. 
Cyano-benzene  CbHjCN  is  phenyl  cyanide,  an  oily  liquid. 
Also  "  benzo-nitrile,"  and  obtained  by  dehydration  of  AjraONirsi 
benzoate  CoHj.COOHjN.  Nitro-benzene  CeH/NO,),  yellow 
liquid  of  aromatic  odor.  Substitute  for  oil  of  bitter  almonds  in 
perfumery.  Di-nitro-benzene  C5Hj(N02)2,  in  long  rhombic 
prisms.  Separates,  on  cooling,  from  alcoholic  solution  of  both. 
Amido-benzene  or  Phenyl-amin  is  Anilin  C„H.(H„N).  Colorless, 
oily  liquid,  of  sp.  gr.  i  .03G  ;  boils  at  184°. 5  C.  Soluble  in  31 
parts  of  cold  water.  Browns  on  exposure.  Stains  deal  yellow. 
With  CUOCn,  in  aqueous  solution,  violet.  Powerful  base.  Frep. 
a.  by  boiling  indigo  with  KOH  solution:  CsHjNO -{- OH, 
+  4KOH  =  2C0(0K)„  +  C„Hj(H„N)  -f  2H„.  The  name  from 
Indiqofera,  anil.  h.  On  the  lartre  scale  by  reducing  nitro- 
benzene C„H.,.NO„.  Thus  :  Cf,H,NOo  +  3H„  =  2OH.,  +  C,K„ 
H^N.  c.  by  heating  phenol  C^H^.OH,  in  sealed  tubes  with 
H'jN  =  OH^-f  C„H,.H„N.  —  Di-phenylamin  (C^HJ.HN.  A 
weak  base  •  crystalline.  By  heating  phonylainiu  hydrochloride 
with  phenylamin.  Tri-phenylamin  (C,iHj)3N. —  The  anilides 
contain  acid  radicles.  Thus :  acetanilide  CgH^.HjN.CoHjO. 
Obtained  by  heating  anilin  with  acetic  acid.  Phenyl-carbamide 
CO(H„N)(C^Ii,HN)  is  phenyl-uiea.  By  ]iassing  cyanic  acid 
vapor  into  nnilin.  Phenyl-phosphine  C,;HjH;P.  Benzene-sul- 
phonic  acid  CcHj.SO^H,  liy  heating  bcnzeue  with  oil  of  vitriol. 
I.  Phenol  or  phenyl  alcohol  C„H,.OH,  is  commonly  loiown  as 
carbolic  acid.  It  is  a  nionatomic  alcohol.  Crystallizes  in 
colorless  pi  isms,  of  sp.  gr.  i.oCiG.  Melts  at  40^^  C.  :  boils  at 
iHi".5  0.  Burning  taste,  antisojitic,  ])oisonous.  Soluble  in  15 
of  water  :  colnred  violet  by  CluFe...  and  stains  deal  of  a  blue 
color.    I'recipitatcd  by  aqueous  Brumiue.    A\'ith  oil  of  vitriol. 
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PHENOLSFLFHONic  ACID  CeH,(0H)S03H.  Obtained  from  the 
acid  portion  of  coal-tar-oil.  Also  by  healing  samcylic  acid 
C,H,.OH.COOH  =  CO,  +  C,,H,OH.  Also  from  phenylamin  by 
NO.OH  =  N,  -1-  0H„  +  CgH^.OH.  Potassium  phenati:C„H5.0K. 
Phenyl  hydrosulpMde  CeHj.SH,  is  a  colorless,  mobile,  mal- 
odorous liquid,  of  sp.  gr.  r  .078.  By  F^S.  on  CsHj.OH.  Phenyl 
sulphide  (C^H5)oS,  a  colorless  liquid,  01  sp.  gr.  r  .12.  [Nitro- 
phenol  CgHi.NOj.OH,  in  large  yellow  prisms.  Di-nitro-phenol 
C„H3(N02)„.OH,  in  colorless  plates.]  Tri-nitro-phenol  CgH., 
(N02)3.0H,  is  known  as  picric  acid  and  carhazutic  acid.  In 
yellow  laminte,  of  intensely  bitter  taste.  Sparingly  soluble. 
Yellow  dye  for  silk  and  wool.  A  test  for  K.  Prepared  from 
phenol  by  action  of  NO^OH.  [2.  Pyro-catechin  C„Hj(0H)2,  is 
a  diatomic  phenol.  In  short  square  prisms,  readily  soluble  in 
water.  By  heating  methyl-pyrocatechiu  with  IH  =  IGH3 
+  C^H/OH),.  Hydro-quinone  CeHj(OH)„,  colorless,  rhombic 
prisms.  Quinone  0„H^O„,  golden-yellow  prisms.  Tetrachloro- 
quinone  is  Chloranil  C^Cl^O,.]  5.  Pyrogallol  C,H,(OH),  or 
pyro-gallic  acid,  is  a  tri-atomic  phenol.  Long,  flattened  prisms, 
very  soluble.  Melts  at  115°  C.  At  250°  C,  with  loss  nf  OH., 
into  metagallic  acid  0^11  fi.^-  Its  solution  in  KOH-  absorbs  O^ 
browns,  and  may  be  employed  for  estimating  O  in  air.  E  educes 
salts  of  Au,  Ag  and  Hg.  Prc]x  by  heat  on  gallic  acid  CJi., 
(0H)3C00H.  Benzyl  alcohol  C„H,.CH,,OII,  is  a  normal  aromatic 
alcohol.  Colorless,  oily  liquid,  insoluble  in  water.  Boils  at 
207°  C.  By  Platinum' blaclc  into  benzoic  aldehyde  G„llf,  C'OH, 
and  by  aqueous  chromic  acid  into  benzoic  acid  C,.Hj,'c6(0H).' 
Benzoic  ether  is  contained  in  Balsams  of  Peru  and  Tnlu. 
Prep.  a.  frnm  henzaldehyde  by  II^.  h.  fiom  benzyl  acet.\te 
C„H,.CFl2.0C,H30  +  KOH  =  C,H30.0K  +  bknzyl  alcohol 
CbHj.CHjOH.— Benzoic  aldehyde  GyHs-COH.  known  as  "  bitter- 
almond  oil."  Colorless  liiiuid,  of  agnoablc  odor.  Sp.  gr.  r  .05  : 
boils  at  iao°  0.  Soluble  in  30  parts  of  water.  Absorbs  O  and 
becomes  changed  into  benzoic  acid  C„H,.C00H.  Heated  with  ' 
KOH,  Hj  set  free,  and  potassium  benzoate  formed.  With  alka- 
linc-hydroxyl  sulphites,  forms  crystalline  compounds.  With 
sndiuni  amalgom  and  water  into  benzyl  alcohol  Onll^CHjOPr. 
With  C1,P  into  bicnzai,  chloiude  C|.H,.CHGL,.  By  H3N  into 
hydrobenzamido,  a  neutral  body,  and  this  by  l)oi]ii]g"  KOH  into 
an  isomeric  basic  comiioiind  amarine  (tJjHjjN.,.  All  aromatic 
aldehydes  act  similarly,  and  thus  distiilgn'ished  from  the  iatty 
aldehydes.  Salicylic  aldehyde  (;„H,(011}.COIl,  in  tlowora  of 
Oil  (jf  meadow-sweet.  Colorless,  fragrant  oil,  of  .sjj.  gr.  r.jyj 
S(jmewhat  soluble  in  walcr,  and  gives  violet  color  wil'h  ferric 
salts.  Heiited  with  KOH  into  H , -f  I'OTASsinM  salicylate 
C,,JI,, Oil. COOK.  By  nascent  H,  inio  saliolnin.  I'rcp  by 
oxydiziiig  sALiGiiNiN  C„H,.OH.CHjOH,  or  its  glucosides,  sniiciu 
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and  populin  (p.  iti).  Also  by  chloroform  on  alkaline  solution 
of  phenol.  CeH,.OH  +  CHCI3  +  OH^  =  3CIH  +  C.H^.OH.COH. 
Benzoic  acid  C,.H,.COOH.  Liglit,  flexible  needles.  Melts  at 
t2o°  C  ;  sublimes  at  145°  C.  Soluble  in  200  of  cold,  and  of 
boiling  water  Basic  ferric  beuzoate  is  decomposed  by  CIH, 
leaving  shiny  crystals  of  benzoic  acid  undissolved  in  the  yellow 
ferric  chloride  solution.  Calcium  benzoate  by  heat,  gives  ben- 
ZOPHENONE  C„Hs  CO  CoH,,  the  ketone  of  benzoic  acid,  and 
0O(O.,Ca).  Prep.  a.  by  heating  gum  benzoin,  benzoic  acid 
sublinies.  h.  by  0H„  on  benzoyl  chloride  C^H.COCl.  c.  by 
boilina:  the  nitrile  with  acids  or  alkalies;  C5H5CN  +  20Hj 
=  H3N  4-  C,.H.,.COOH,  d.  by  oxydiziiig  benzyl  alcohol  : 
C„H5.CH./JH  +  0,  =  OH,  +  C„H,.COOH.  e.  by  oxydizing  bexz- 
ALDEHYDE  C.Hj.COH  +  O  =  C,H,.COOH  /.  from  bromoben- 
ZENE  by  Na,  +  CO,  =BrNa  +  C^H,  COONa.  Benzoyl  cUonde 
C,,H,C0C1,  colorless  liquid  of  suflbcating  odor.  By  C1,P  upon 
benzoic  acid  Benzoyl  cyanide  CgHjCOCN,  by  distilling  tlie 
chloride  with  CNK.  In  large  scales.  Benzoic  oxide  (C,H50)oO, 
in  oblique  prisms,  slowly  by  boiling  water  into  benzoic  acid. 
C,H,C0C1  +  C„H,CO.OK  =  CIK  +  (C,H,0),0.  Thiobenzoic 
acid  C„H,.CO.SH.  Benzamide  CJIj.CO.HoN,  by  aqueous  H3N 
upon  benzoyl  chloride.  Amido-benzoic  acid  C6Hj(H„N)C00H, 
by  reduction  of  nitro-benzoic  acid  GJ-IXNO„)COOH  with  Sn 
+  2CIH. — Benzamid-acetic  acid  orhippuric  acid  CHj.C^H^O.HN. 
C00H=C„H,N03  Or  "  benzoyl-glycocin."  Occurs  in  the 
urine  of  cows,  horses,  &c.  By  evaporatiilg  fresh  cow's  urine, 
to  which  lime  has  been  added,  and  adding  CIH  to  the  concen- 
trated liquor,  hippuric  acid  crystallizes  on  cooling.  When  benzoic 
acid  is  taken  internally,  it  is  found  in  the  urine  as  hippuric  acid. 
Ebombic  prisms,  soluble  in  6co  of  cold  water.  Acid,  bitter, 
fusible  :  leaves  a  coaly  residue.  By  boiling  with  CIH,  assimi- 
lation of  0H„,  into  benzoic  acid  C^HjO.OH  +  amid.-vcetic  or 
GLYCOCiN  CH.,"(H.,N)COOH.  Hippurate  of  ferric,  cream-colored. 
Heated  with  HOK,  gives  off  H3N  and  benzene.  Mineral  acids 
separate  hippuric  acid.  NOOH  converts  hiiipnric  acid  into 
OH.,  +  -f  BENZO-GLYCOLLic  ACID  GgH^O^ :  and  boiling  water 
OH,) '  changes  benzo-glvcollic  acid  into  benzoic  acid 
C,H-0.01I  and  glycollic  acid  CH„.0H  COOH.  Prep,  by 
2C,H,0C1  +  zinc-glycocin  (CH„.H2N.C00)2Zn  =  CLZn  -1-  2 

BENZAMID-ACETIC  ACID. 

Tyrosin  C„11,,N0,  has  the  composition  of  oxY-PHENYL-AsnDO- 
PKOPioNic  ACID  C„H,.0H.C„H3(H,N).C00H.  In  old  cheese, 
Tvp6s.  lu  the  spleen,  pancreas  and  liver.  By  boiling  horn  with 
dilute  sulphuric  acid,  neutralizing  with  CaO,  and  precipitation  liy 
acetic  acid.  In  slemler  needles,  soluble  in  j^o  of  hot  water  : 
insoluble  in  ether.  Unitrs  witli  ('111 ;  its  sulpho-acid  colored 
violet  by  ferric  salts.    Toluene,  C,iL^,  homologous  with  benzene, 


ROSANILIN.     SALICYLIC  ACID.     GALLIN.     TANNIN.  115 

is  methyl-benzene  C.Hj.CHj.  Together  with  benzene  in  light 
coiil-tar-oil.  Limpid  liquid,  of  sp.  gr.  0.88.  With  oxydizino- 
agents  yields  benzoic  acid.  Artificially  :  C„H5Br+  CHjI  +  Na' 
=  BrNa  +  INa  +  C,H,.CH3  =  C,H,.  Also  by  nascent  CLH,  + 
CH,  =  H,  +  C.Hg.  CMoro-toluene  CoH.Cl.CHj.  Toluidin 
CaHi.HjN.CHs  is  homologous  with  phenyl-amin.  Commercial 
amiiii  always  contains  toluidin,  and  the  formation  of  eosanilin 
CooHuNj  can  be  accounted  for  by  the  following  equation  • 
C,H,.fLN  +  2C;H,.H,N  =  4H,  +  rosanilin  C„„HiX-  Anilin 
reds  are  salts  of  rosanilin  :  the  latter  being  colorless.  Anilin- 

blue  is  HYDROCHLORIDE  of  TRIPHENYL-EOSANILIN  C,„H,.,(CeH J3 

N3CIH.     By  heating  rosanilin  with  ethyl  iodide^  we  obtain 
Hotmann's  violet,  hydriodidb  of  tuiethyl-kosanilin  C^jH, 
(C2H5)3N3.1H.     Anilin-green  is  an  aldeliyde-green.  Nitrous 
acid  3(N0.0H)  converts  rosanilin  into  3N„  +  3OH,  +  aurin 
C2„H,^03.     Anisol  is  methyl  phenate  C.Hs'O  =  G^li,(OCU,). 
Colorless,  mobile  liquid,  of  aromatic  odor.    Boils  at  152^0 
Cresol  is  tolyl  alcohol  C„H,.CH3.0H.    Occurs  together  with 
phenol  m  coal-  and  wood-tar.    Separated  bv  fractional  distil- 
lation.  By  long  heating  with  KOH  into  potassium  salicylate 
Xylyl  alcohol  C,H„OH  or  C„H,.CH3.CH,0H,  is  the  homologue 
ot  benzyl  alcohol.    It  is  obtained  from  the  aldehyde.  Needles 
sparingly  soluble.     Toluic  aldehyde   C,;H,.CH;,.C0H.  Oily 
liquid,  with  odor  of  pepper.    Salicylic  aldehyde  C,H,.OH  GOH 
Salicylic   acid  C„H,.OH.COOH  is  ortho-oxy-benzoic  acid 
^T-HeOj.     In  the  flowers  of  Spirxa  ulmaria,  and  as  methyl 
salicylate  m  oil  of  winter-green.    Little  soluble  in  cold  water 
crys^talhzing  m  minute  needles  from  boiling  water.    It  melts  at 
155°  C.  and  is  resolved  Ijy  heat  into  COj  and  phenol  C„H,.0H 
Gives  deep  vinlrt  color  to  ferric  salts.     Good  antiseptic  Prep 
by  heating  .sodium  with  phenol  C,H,0  and  CO,  =  hydrogen  free 
-I-  sodium  salicylate  C„H,,.0H.C60Na.    A'Lso  by  oxydation 
of  salicylic  ahlehyde.    Also  by  NO.OH  upon  amido-benzoic 

^'ii'r^^l^'^}'^^-^^^^^^  =  ^^"-^  +        +  SALICYLIC   ACID  C„H,. 

OH  COOH.  )xY-sALTCYLic  ACID  C„H3.(0H  ,,COOH,  in  .shining 
necuies.  Crallic  acid  or  di-oxy-salicylic  acid  C,M„(0H)3C()0H 
in  gall-nuts  (Qmrcux  wfecloria),  Um,  sumach,  di'vi-divi,  io.  By 
boihng  gallo-tannic  ACID  with  acids  or  alkalies:  +  OIL  =  2 
GALLIC  Acri)  C.H„0,.  Mono-l)asic ;  totratfimic.  With  Oil  in 
silken  needles,  .soluble  in  100  of  cold  and  j  of  boilin-  water 

C„H3(OH)3.  Reduces  salts  ot  Ag  and  Au.  (4ivcs  blue-hla.ck 
precipi  tate  with  Cl„Fc,.  May  ho  obtained  from  di-ioi,o-sai,icylio 
ACID  with  CO(ONa)2.  -Gallo-tannic  acid  nr  tanuin  (!  H  O  is 
di-gallic  acid  minus  on,.  C„H,(0H)3.C0.0  C„H„(OH),.COOH  °In  ' 
nu  -galls  HU»mch,  &c.  |.-ro,n  nut-galls  by  a.p.eous  eli,er  :  tannin 
in  the  water,  and  the  gallic  acid  in  tJio  ether.    On  evnpnraiion, 
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a  yellowish  powder,  very  solnhle  in  water.    Astringent;  bitter. 
Eecldens  litmus.    Precipitates  gelatin,  albumin,  many  alkaloids, 
&c.    Ferric  tannate,  a  bluish-black  precipitate,  is  the  basis  of 
common  ink.    Decomposes  at  250°  C,  with  formation  of  pyro- 
galloi.   By  dilute  acids  +  OH,  into  2  mols.  of  gallic  acid.  Kinic 
acid  C„H;(OH)^COOH,  is  mono-basic,  pentatomic.    Tn  cinchona 
bark.    Colorless  prisms,  easily  soluble.   By  heating  with  2IH  = 
40H„  -f  I„  -I-  benzoic  acid.    Dimethyl-benzene  or  xylene  C„H,|, 
=  CsHj.CCHj),  is  the  horaologue  of  benzene  C„H„  and  toluene 
C,Hg.   Colorless,  volatile  liquid.   Several  isomeric  modifications. 
Dimethyl  anUin  CHjCCHj^N.     Boils  at  i92°0.  Dimethyl 
phenol  C,H,„0  =  C,H,.OH  =  C„H3.(CH3),.0H.    Also,  xylenol. 
Phenyl-propyl  alcohol  C„H,iOH  =  C„H5.(CHj)3.0H.  By  nascent 
hydrogen  on  cinnamic  alcohol  C„H„0H.    Phthalic  aldehyde 
Cgl-IoOo  =  C„H,(COH),.     From   phthalyl   chloride  CgH^ 
(COCl),  by  nascent  H.    In  colorless  tables.    Phthalic  acid  CgH^ 
(COOH),,  in  prisms,  little  soluble  in  cold  water.  Melts  at  1 85^  C. 
By  heat  into  water  and  phthalic  anhyuride  C,iHj(CO),,0.  By 
action  of  4O,  upon  napththalene  C,„H8  =  ox.\lic  acid  -f  fhthaltc 
ACID.    Wheii  C|iH,(COOH)„  is  heated  with  excess  of  Calcium  hy- 
droxide, we  obtain  benzene  C„H,.  and  2[C0(0„Ca)] ;  but  when 
2[C,.HXC00H),]  are  heated  with  (OH)X'-a,  calcium  ben-zoate 
(C,H5C00)„Ca  results,  together  with  2OH.,  -j-  2C0„.  [Mellitio 
acid  Cc(COOHV,,  in  colorless  needles,  fusible;  very  stable. 
Mellite  or  "Honey-stone"  is  mellitate  of  aluminum.  Rhodi- 
zonic  acid  CjOoH^CCOOH).,,  formed  by  the  action  of  water  upon 
O3O3K3.    Croconic  acid  C5H0O,,  by  action  of  boiling  on  solution 
of  potassium  rliodizonate.]     Citric  acid  CJ-IsO,  =  CjH^COH) 
(C00H)3,  crystallizes  with  0H„  in  trimetric  prisms  from  a  cold 
solution.    Very  soluble,  of  pleasant  sour  taste.    Tetratomic,  tri- 
basic.    Prevents  precipitation  of  ferric  by  ammonia.    If  mixed 
with  tartaric  acid,  in  solution  iletected  by  pota.ssium  acetate. 
On  boiling  citric  acid  with  lime-water  in  slight  excess,  calcium 
citrate  is  precipitated  white,  insoluble  iu  KOH.   With  a  ferment 
of  putrid  flesh,  yields  butyric  acid  chiefly,  and  succinic  acid 
Gently  heated  with  SO.,I-t,  gives  ofl'  torrents  of  CO.  Heated 
■with  voTA.ssn'M  hydroxide  ;  4KOH  -|-  citric  acid  =  C;0„(OK)„  + 
2(CH3.COOK)  -f  30H„.     Salts  of  Ba,  Sr,  Cn,  Pb  and  Ag  in- 
soluble.  Found  in  lemon-  and  lime-juice.   Clear  liquor  neutral- 
ized with  chalk,  and  the  calcium  citrate  decomposed  by  SOJIo. 

VII.  Heptane  series.  Normal  heptane  C^H,,;  =  CH3.(CH.,)5. 
CHj,  liquid  of  sp.  gr.  0.712,  is  contained  in  ^petroleums. 
Heptyl  alcohol  or  oenanthylic  alcohol  CH3.(CH,),,CH-20H,  is  a 

.  colorless,  oily  liquid.    From  he])tyl  aldehyde  CH3.(CH.,)5COH 
by  moist  sodium  amalgam.    (Enauthylic  acid  CjHuOj  is  the 

eeventh  of  the  fatty  acids  (p.  ^  r^xi /nxi  n  ntT 

VIII.  Octane  series.  Normal  octane  CgHig  =  OiijQOilj^oi^Xij, 
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boils  at  124°  C.  Octyl  alcohol  C-H,5.CH„0H,  a  colorless  oily 
liquid,  of  sp.  gr.  o.8jo.  Is  nontaiued  in  the  seed  of  Heracleim 
sphoiidi/lium,  both  uncombined  and  as  octyl  acetate,  and  as  octyl 
butyrate  in  the  seeds  of  Pastinaca  sativa.    Artificially  from 

RIOINOLEIC  ACID  CnHs^Os  +  2HOK  =  POTASSIUM  SEBATE  C,„H,„0, 

(OK),  +  H,  +  octyl  alcohol  G,H„.CH„OH.  CAraYLic  acid 
CyHij.COOH,  of  faint,  unpleasant  odor,  is  found  as  glyceride  in 
butter,  and  in  cocoa-nut-oil. 

IX.  Nonane  series.  Normal  nonane  C,,H„„  =  CH3(CH,),CH3, 
boils  at  136°  C.  Sp.  gr.  0.741.  Nonyl  alcohol  OjHu.CHjOH, 
boils  at  200°  C. 

X.  Decane  series.  Normal  deoane  C,„H„„  =  CHjCCHoXCHj, 
of  sp.  gr.  o.7<;7,  boils  at  160°  C.  Decyl  alcohol  C,„H„'OH  = 
CaHig.CHjOH  boils  at  2  ro°  0.  Rutic  or  capric  acid  CgHi^'COOH, 
as  a  glvGerido  in  butter  and  in  cocoa-nut-oil.  Also  from  aiuyl 
rutate  in  the  fousel  oil  of  the  Scotch  ilistilleries.  Crystalline. 

XI.  Endecane  series.  Endecane  C,,H„,.  XII.  Dodecane 
series.  Dodecaae  C,jH,,8.  Lauric  acid  CuHjj.COOH,  from 
alcohol,  in  .-ilken  needles.  As  a  glyceride  in  fat  of  L'lums 
nohilis  and  of  Piehurini  beans.  By  saponification  with  potassium 
hydroxide,  and  decomposition  of  the  soap  with  tartaric  acid. 
XIII.  Tridecane  series.  Tridecane  CijHjg.  XIV.  Tetradecane 
series.  Tetradecane  G,.,H3„.  Myristic  acid  Ci3H,,.C00H,  in 
white,  lustrous  laminae,  which  melt  at  5  3°.  8  C.  Very  soluble 
in  hot  alcohol.  As  a  glyceride,  myristin  (CHHo70)3d3C3H5  in 
nutmfg-buttor  and  in  Otoba  fat.  XV.  Pentadecane  series. 
Pentadecane  C.^Hjj.  XVI.  Hexdecane  series.  Hexdecane 
G„H3,.  Hexdecyl  alcohol  G,Jl33.0H  =  G,,,H3,.CPI,0I-I.  Is 
ethal.  As  obtained  from  spermaceti  found  in  cavities  in  tlie 
head  of  Physeter  macrocephalits.  It  consists  of  cv.TYh  or  hexdec YL 
paliutate  G,„H3,0.0C,„H33  :  when  fused  with  KOH  =  iWAs- 

SIUJI    PALMITATE    G.i-Hj.O.OK  +   CETYL    ALCOHOL  C,„H,30H. 

White  crystallme  ma^s,  melts  at  50°  0.  Tasteless  and  in- 
solul  le.  Wlieii  hoato.l  with  KOH  =  zH,  +  potassium  pal- 
MiTATE  G,„H3,0.0K.  Palmitic  acid  G,,J-l,fi.,  =  G,,H3,;G0OH, 
IS  the  16th  of  the  fatty  acid  soiies.  Occurs  as  a  glyceride  in 
rnaiiy  fats.  iVIost  largely  in  pulm-oil  from  Elais  rjidaneiwk,  in 
Chinese  tallow,  and  .Japnn  wax,  as  tri-palmitin  (0|„H3|0.6)3. 
GjH,.  Also  as  cotyl  palinitate  (spermaceti).  Artilicially  by 
melting  oleic  acid  (p.  roj)  with  2KOH  =  H,, -j- 

GH3.GOOK -f  G|„ir3,O.OK.  Solnbloin  boiling  alcohol.  Melts 
at  620^  G.    Miiy  1,0  distilled.    Mono-  di-  and  tri-palmitin 

XVn.  Margaric  acid  G,,H33.0H,  was  supposed  to  bo  inter- 
mediate between  [i.-dinitic  and  stearic  acids.  As  maroarate  op 
p.rrAssiUM  (\M,^().OK  +  NIL,  by  .action  of  nioTvi,  cYANinn: 
(JNG,„H33  +  KOir  -I-  OH,.  XVIH.  Stearic  acid  G,JI,„()  OH 
III  nacreous  laniinai,  of  acid  reaction.    Mults  at  69'^  0'  Tki- 
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STEAEm  (C|8H350.0)3C3H„  a  glyceride  in  most  solid  fats,  as  ia 
beef  aud  mutton-suet.  Soaps  consist  of  mixtures  of  sodium  (or 
potassium)  palmitates,  stearates,  oleates,  &c.  They  are  made 
by  saponifying  palm-oil,  tallow,  &c.  Sodium-soaps  are  hard  ; 
potassium  soaps  soft,  and  contuin  great  excess  of  alkali. 
XX.  Arachidic  acid  C„„H3,jO.OH,  in  small  scales,  by  saponifying 
the  oil  of  Arachis  liypogxa.  XXII.  Behenic  acid  C22H^30.0H, 
melts  at  76°  C.  By  saponifying  the  oil  from  the  fruit  of  Moringa 
Nux  Behen.    XXVII.  Cerotyl  alcoliol  C„;H,,OH  =  Co^Hss- 

CH,  OH.  As  pm-ified  by  ether,  a  wnx-like  substance,  melting 
at  97°  C.  Chinese  wax  is  ceryl  cerotate  C^^H^jO.OCojHjs. 
When  heated  with  KOH  =  potassium  cerotate  C„;H530.0K  -1- 
cerotyl  alcohol.  Cerotic  acid  Go-B.^fi.OK,  is  the  chief  con- 
stituent of  cerin,  the  portion  of  bees-wax  which  is  soluble  in 
boiling  alcohol,  and  is  obtainable  by  fusing  ceryl  cerotate,  which 
melts  at  82°  C,  with  KOH,  and  decomposing  with  an  acid. 
Melts  at  78°  C,  and  distils.  XXX.  Myricyl  alcoliol  C30H61.OH 
=  C2.jH5g.CH20H,  of  silken  lustre,  is  the  highest  known  member 
of  the  series.  "  Myricin,  or  myricyl  palmitate  Ci6H3,O.OC3(,Hs,, 
is  that  portion  of  bees-wax  which  is  insoluble  in  boiling  alcohol. 
By  fusion  with  KOH,  into  potassium  palmitate  and  myricyl 
alcohol.  Melissic  acid,  C3„H„0.0H,  melts  at  89°  C.  The 
highest  known  member  of  the  fatty  series,  commencing  with 
formic  acid  H.COOH  (p.  85).  Obtained  by  heating  myricyl 
alcohol  with  KOH  =  211^  -|-  potassium  melissate  CaoHjgO.OK. 
Decomposed  by  acids. 

Naphthalene  group.  Naphthalene  0,„Hs,  in  large,  colorless 
brilliant  crystalline  plates,  with  odor  j-eminding  of  narcissus. 
Mells  at  79°.  2  C.  :  boils  at  218°  C.  Burns  with  red,  sooty  flame. 
Soluble  in  alcohol  and  ether.    Forms  additive  compounds  with 

CI,  Br,  &c.  Contained  in  lust  portion  of  oily  product  obtained 
from  coal-tar.  Also  produced  by  decomposition  of  benzene, 
toluene,  &c.  Thus  :  4C;H,  =  ^,CJi,  +  3H„  +  C.^S,.  Niteo- 
naphthalene  C,oH.NO.„  Naphthylawin  CioH;(HjN),  in 
needles.  Naphthalene-sulphonic  acid  Ci,-,H;S03H,  crystal- 
line, deliquescent.  Naphtiiol  OioH,.OH,  colorless  prisms ;  violet 
with  chloride  of  lime.  Nai'hthoquinone  Ci„HjOj,  in  large, 
sulpliur-yollow  tables. 

Phenanthrene  group.  Phenanthrene  ChH,,,  in  colorless, 
lustrous  lamin;i9.  Ooutaincd  in  the  jiortiou  of  coal-tar,  wliich 
boils  between  320°  and  360°  C.  Anthracene  CnH|„,  in  colorless 
tables,  little  soluble  in  alcohol  aud  ether.  Mells  at  iifC.  and 
distils  aliove  360°  C.  Both  phenanthrene  and  anthracene  con- 
tain bonz.  nc  residues  ;  C„H,.CH.01I.0,iH,.  Di-bromanthracene 
CiJIftBr,^  in  golden-yellow  needles.    By  the  action  of  Bromine 
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on  anthracene  in  CS^.  Anthrol  Ci4Hg.0H.  Anthraquinone 
Ci^HjO,  =  CbH,.C0.C0.C,H4,  in  shiny,  yellow  needles.  Sub- 
limes. Not  reduced  by  S0(0H)2.  By  oxydation  of  anthracene. 
Di-bromanthraquinone  Ci4H,iBr202.  In  yellow  needles.  Ob- 
tained by  heating  anthraquinone  with  Bromine.  By  heating 
with  2KOH  at  150°  C,  into  alizarin  Ci,H„(OH)oO..  Anthra- 
quinone-sulphonio  acid  OnH,02S03H,  and  CnHij'OoCSOjH),,  by 
heating  anthraquinone  witli  S02(OH)2  at  255°  C.  Alizarin 
CnH^(0H).,02,  in  orange-colored  needles,  forming  purple  solution 
with  allialies.  Aluminum  and  tin  salts  throw  down  red  pre- 
cipitates of  madder-lakes.  Alizarin,  from  the  red  coloring 
matter  of  Kubia  tinctorum  ;  contains  ruberytheic  acid 
C25H2,0|4,  whioli  by  water  (  -j-  2OH2)  is  resolved  into  2  dex- 
trose and  alizarin  or  garancin.  Now  prepared  artificially  as 
above,  or  cheaper,  from  Ci4H„02(S03H)2  l)y  fusion  with  KOH, 
solution  in  water,  and  precipitation  of  the  alizarin  by  CIH. 
Purpurin  C,4H,(OH)302  occurs  in  old  madder-roots  together  with 
alizarin.  Like  alizarin,  it  is  reduced  to  anthracene,  by  heating 
with  zinc-dust. 

Destmctive  distillation.  Among  the  products  of  the  distil- 
lation of  wood  and  resins  must  be  mentioned  Zreasote  CgHj^Oj. 
Sp.  gr.  1.057.  It  is  to  kreasote  that  wood-smoke  owes  its  anti- 
septic properties.  It  is  contained  in  the  heavier  portions  of  the 
oil  obtained  from  wf>od-tar.  It  is  a  colorless,  oily  liquid,  which 
boils  at  203^^0.  Easily  inflamed;  burns  with  a  smoky  flame. 
Of  pungent  odor  and  burning  taste.  Little  soluble  iii  water ; 
very  soluble  in  acetic  acid,  alcohol  and  ether.  Coagulates  albu- 
min (p.  126)  and  is  the  best  antiseptic.  Phenol  or  carbolic 
acid  CsH^OH,  is  the  common  substitute  for  genuine  kreasote. 

Terpenes  and  Camphors.  Oil  of  turpentine  C|„II,„,  a  colorless, 
mobile  liquid,  of  aromatic  odor,  insoluble  in  water,  but  soluble 
in  ahsolute  alcohol,  ether,  benzene  and  carbonic  sulphide.  A 
solvent  of  phosphorus,  sulpliur,  iodine,  bromine,  oils,  resins 
(varnishes).  Many  varieties :  isomeric  and  polymeric.  In 
conifers  generally.  Forms  iiyduates  ;  Gi„lI,,|',20H„  and 
<-'ioHi(i.3<">H2.  By  repeated  distillation  with  a  little  sulphuric 
acid,  into  terebe.ve  (',„II„„  hoiliug  at  160°  C,  and  coloitiune 
CjJIjj,  boiling  at  a  high  temperature.  Inflames  with  Chlorine. 
Unites  with  2CIH.  Cv.mene  or  MEi'iivL-i'itoi'VL-iiENZENE  C.H 
(CHjXCjJI;),  is  made  from  turpentine,  showing  the  latter  to"  be 
a  hydride  of  cumciK^.  I!y  oxydiition,  tur])enLino  yields  acids: 
formic,  acetic,  butyric,  oxalic,  teueiiic  (UT,,/),,  toi,i;io  C,.!! 
(CH,)(  XJOH,  and  teueimithamo  C„H,(C0(jjl)2.  Essential  oils! 
Kitlirr  hydrocarbons  isomeric  or  ]M)lymeric  with  oil  of  turpenliiic. 
or  of  u  niLvturo  of  tliese  with  compounds  of  C,  H  and  O.  Oil  of 
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lemons,  from  the  rind  of  the  fruit  of  Citrus  Innonum,  consists 
cliiefly  of  ciTRENE  C,„H  5.  Similar  oils  from  Oils  of  Keruli,  Ber- 
ijamot,  Citron,  Lime,  Oramje,  etc.  Thyme,  Valerian,  Chamomile, 
Juniper,  &c.  Oils  of  Capivi  and  Cnbebs,  polymeric :  C2„H32. 
Mixed  with  a  terpene,  we  have  \aleric  acid  in  oil  of  Valeria)!, 
pelargonie  acid  in  oil  of  Pelanjonium,  euodic  aldehyde 
CjnH2,C0H  in  oil  of  Buia.  Some  volatile  oils  consist  of  alde- 
hydes,  as  oils  of  Bitter  Almonds,  Cinnamon  and  Cassia.  They 
ajc  all  soluble  in  alcohol  and  ether,  and  produce  a  greasy  stain 
iijion  paper,  disapptaring  when  heated.  Elaeoptene  is  the  liquid, 
and  stearoptene  the  solid  portion  of  an  essential  oil.  None  of 
these  oils  saponify.  Camphors  contain  10  atoms  of  carbon. 
Laurel  camphor  C,(,Hi|.0,  a  colorless,  translucent  mass  of  sp.  gr. 
o  985.  Melts  at  I73°C.,  and  sublimes  at  2^4°  C.  Readily 
soluble  in  alcoliol  (tincture).  By  heating  witli  PjOj,  into  cu- 
mene  Cii,Hi4  +  OHj.  In  Laurus  Camjiliora.  Also  artificially, 
as  from  turpentine,  by  Mn20|;(01'i)2.  The  essential  oils  of  Laveu- 
iler,  Marjoram,  riosemaiy  and  Sage  contain  camphor.  Absinthol 
C,|,H,|.0,  from  Arlmdsia  Absinthium  is  a  liquid  camphor.  Cam- 
PHOuic  ACID  C8H,j(COOH)2,  in  colorless  lamina3.  By  continued 
l)oiling  of  camphor  with  nitric  acid.  Borneo-camphor  CioHjgO, 
melts  at  108^  C,  and  boils  at  212'^  C.  It  is  an  alcohol  C,oH,-OH, 
yielding  compound  etliers.  Obtained  artificially  by  lieating 
laurel  camphor  with  sodium  (sodiuji  boeneol  C,„H,;.ONa),  or 
alcoholic  HOK.  Occurs  in  IJryabalunops  Camphora.  Menthol 
C,„Hj5|0II,  in  oil  of  Mentha  piperita^  occurs  together  with  a 
terpene. 

Resins  and  Balsams.  Colophony  or  common  nosiN  consists 
principally  of  sylvic  acid  C„||H3„02.  It  is  monobasic,  and  crys- 
tallizes from  alcohol  in  laiuinas.  Lac  is  harder  than  resin,  and 
known  as  sticl;-  seed-  and  shel-lac.  Copal,  Miistic,  Sandarac, 
Dammar,  and  Dragon's  blood  are  also  resins.  Amber  is  a  fossil 
resin. — Oaovtchouc  is  tlie  dried  milky  juice  of  species  of  Ficus, 
Euphorbia  and  other  trees.  Soluble  iu  petroleum,  benzene,  &c. 
Little  aii'ected  by  chemicals.  By  destructive  distillation  yiehls 
two  polymeric  bodies:  Isoprene  CjH^,  and  Caoutchin  C,„H,6. 
With  Sulphur,  Caoutclioac  gives  vulcanized  India  Rubber,  and 
Ebonite.  Gutta  percha,  from  Isonaiidra  Gutta,  is  harder  than 
caoutchouc,  but  very  yiiniku'.  A  good  insulator  of  electricity. 
By  destructive  distillation  yields  Isopkene,  Caoutchin  and 
Heveeve,  ixdymeric  hydrocarbons.  Balsams  are  mixtures  of 
resins  with  vola(,ile  oils. 

Coloring  matters.  Indigotin  GuHniNjOj,  in  dark-blue  needles, 
may  be  obtained  by  suWiniing  connnercial  indigo.  It  does  not 
exist  in  Jvdigofera  Anil  ready  foinied,  but  as  a  GLUCOSIDE 
CjuHjiNO,;.  wh'icii,  by  boiling  with  dilute  acids,  yields  indi- 
GLUciN  C JligOy  and  i.NDiGOTiN  CjuHiuNjOj.  Thus  ;  iCjJljiNO,, 
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+  4OH,  =  6  indiglucin  +  indigotin.  Indigo-wMte  C,„H,2No02 
is  chanjj;ed  intoindij^ntin  by  the  aii'  or  oxydizing agents.  ladigo- 
sulphoaic  acid  CisH.ijSToO.^SOjH,  by  heating  indigo  with  sul- 
phuric acid.  Isatin  bgH^NO,,  in  yellowish-red  prisms,  by 
heating  indigo  with  nitric  aci.i.  See  Phenyl-amin  CbH^HoN', 
p.  112.  Indigo  related  to  benzene  group  (p.  112).  Carthamiu 
C,,H,50;,  as  a  dark-red  powder  used  for  dyeing  silk,  is  olDtained 
from  the  petals  of  Carthamua  tinctorius.  Alizarin  C,^H,;(OH)202 
lias  been  idready  described  at  p.  iig.  Haematoxylin  C,5H,,0|., 
3OH2  in  Ha3matoxylon.  Pale-yellow  prisms.  Carmiuio  acid 
C|;H,,0,,|,  iu  Coccus  Cacti  most  larijely,  and  in  the  flowers  of 
Monarda  didyina.  Fine  red  powder,  soluble  in  water  and  alco- 
hol. Di-basic.  Brazilin  0.,.,H,80-,  in  small  yellow  prisms, 
crimson  by  alkalies.  Curcumin  OmHiuOj,  in  turmeric.  Orange 
crystals,  bnjwned  by  allvalies.  Euxanthic  acid  C,,|HiuO,|„  in 
Purree  or  Indian  Yellow,  as  magnesium  euxanthate.  Shiny, 
yellow  prisms.  Chlorophyll  is  leaf-green.  Soluble  in  alcohol 
and  in  CIPI. 


Alkaloids. 

They  are  all  derivatives  of  ammonia.  The  monamines,  derived 
from  a  single  molecule  of  ammonia,  may  contain  one,  two  or 
three  univalent  alcohol-radicles  in  exchange  for  r,  2,  or  3  atoms 
of  Hydrogen  :  primary,  secondary,  and  tertiary.  They  expel 
ammonia  from  its  salts,  when  heated  with  them,  and  form 
double  salts  with  platinic  chloride,  Auric  chloride,  &c.  They 
can  also  roplace  hydrogen  in  tlie  ammonium  of  alums.  Primaut 
AMINES,  into  corresponding  alcohols  liy  NO. OH.  Thus: 
CH,(H,N)  -I-  NO.OH  =  OH2  4-  N,  CH3.OH.  Thus,  we  have 
a  means  of  passing  from  a  lower  into  a  liigher  alcoiiol  series. 
Ethenyl  nitrile  C^H^N  -|-  2H,  =  ethylamin  (CH„CH3)H,N,  and 
ethylumin  +  NO.OH  =  OH^  -f  N,  -f  CH.CHjOH.  Secondauy 
AMINES,  by  NO.OH  into  water,  and  nitroso-compounds.  Thus  : 
di-methylamine  (CH3).,HN  +  NO.OH  =  Water  +  nitroso- 
dimethylamin  (CH)2NO.N.  Tertiaiiy  amines  are  scarcely 
touched  liy  nitrous  acid.  Pyridine  bases,  C„H,„_  ,N,  are  meta- 
mciic  with  phenylamin  C,iH,,.lI.^N,  and  its  homoiogut  s,  p.  112. 
Tiiey  are  contiiim-d  in  co.il-tar,  naphtha,  and  in  Dippel's  oil, 
which  is  obtained  by  the  destructive  distillation  of  l)ones.  All 
liquid,  and  react  as  tertiary  monamines.  Pyridin  O.H.N. 
Picolin  0,;H.N ;  boils  at  i3  3°0.  Strongly  alkaline,  and  form.s 
ciyslalline  suits.  Lutidin  (1;H„N.  CoUidin  0,H|,N.  Parvolin 
GJl.^N.  Coridin  (  V,H,,N.  KulDidin  Viridin  (!,JI|„N. 

CiiiNOMN  BASES  C„H,_,„_,|N.  liy  distdl.ition  of  ipiinin,  cin- 
chnniti,  with  KOH.  Chinolin  0„H.N.  Lepidin  C|„II„N.  Cryp- 
tidin  (J,,II,iN,    Leucolin,  coDtaiiiod  in  coal-tar-oil,  is  isomeric 
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■with  cliiiiolin.  Heated  with  amyl  iodide  C^HuT,  chinolin 
forms  C„H,.C5H,,NI,  which  is  changed  by  hentins?  wilh  KOH 
into  cyanin  C^jHjjNI,  a  dye  of  blue  color.  Conin  C^Hj^N 
=  (C8H,4)"HN,  in  the  seeds,  &c.,  of  Conium  mandatum.  By 
distillation  with  KOH.  Colorless,  oily  liquid,  of  stupefyiug 
odor,  browning  on  exposure.  Sp.  gr.  0.89.  Boils  at  i61i°C. 
Very  poisonous.  Temporary  stain  upon  paper.  Slightly 
soluble  in  water  ;  fi'eely  in  alcohol  and  ether.  Vapor  inflam- 
mable. A  secondary  monamine.  Methyl  conin  CHj.C^Hi^.X, 
also  accompanies  conin.  With  ethyl  iodide,  conin  forms  C|,H,j. 
CJi^.N-CUHjI,  and  this,  by  AgOH  into  a  soluble  base.  (Con- 
HYDEiN  CsHii.HjNO,  accompanies  conin.)  Nicotin(C5H-),"'N2, 
=  C,„H,.,N„.  In  the  seeds  and  leaves  of  Nicotiana  taliacum, 
united  willi  malic  and  citric  acids.  Also  in  tobacco  smoke. 
Maryland  and  Havannah  tobacco  contain  about  2  per  cent. 
Colorless,  oily  liquid,  irritating,  and  odorous  of  tobacco.  Sp.  gr. 
i.04y.  Boils  at  249°  C.  Very  soluble  iu  water,  alcohol  and 
ether.  A  fearful  poison.  Wilh  CI,  a  red  color.  With  I  a  ruby- 
red.  Spartein  CijHnsNj.  Colorless  liquid,  aUjHline,  sparingly 
soluble,  bitter,  narcotic.  Creatin  CHaNjO^.OH.,,  in  lustrous 
prisms,  neutral,  bitter.    In  juice  of  flesh.    Artificially  by  union 

of    CTANAMIDB    C(HN)„    with    METHYL-GLYCOCm    Or  SAIiCOSIN 

CH3.HN.CH0.COOH.  "By  boiling  with  water,  into  ieea  and 
SAECOSIN.  By  abstraction  of  water,  as  when  heated  with  acids, 
into  creatinin  CjHjNjO.  Creatinin  constitutes  o.  25  per  cent, 
of  the  urine.  It  crystallizes  iu  rhombic  prisms,  expels  H3N 
from  its  salts,  and  forms  salts  with  acids.  Guanin  C^HjNjO,  a 
white  powder,  soluble  in  CIH.  By  oxydation  into  gvaxidin 
CH5N3  and  PAKABANic  ACID  C3H2N„03,  p.  107.  Is  contained  in 
the  pancreatic  juice  of  mammals  aud  largely  in  guano.  Xanthin 
CjH^NjOj,  in  certain  calculi;  in  the  blood  and  urine,  aud  in 
the  liver.  Artificially  by  moist  sodimn  amalgam  upon  ueic 
ACID  CsH^NjOj,  and  by  NO. OH  upon  guanin.  Wliite.  amor- 
pliOus,  slightly  .soluble  in  boiling  water.  Easily  soluble  in 
solutioii  of  H3N.  Hypoxanthin  C,II^N^O,  crystallizes  in 
needles,  slightly  soluble.  Its  hydrochldride  sparingly  soluble. 
It  nccompanii  s  xnnthiu.  Carnin  CjHgNiOs,  iu  meat-extract. 
Theobromin  CJigN^Oj,  in  the  seeds  of  Tlieobroma  Cacao.  White, 
crystalline  powiier,  of  bitter  taste,  slightly  soluble,  neutral. 
IVirms  salts  with  acids.  From  its  solution  in  HjN,  silver 
nitrate  ijiecijiitates  C;H;AgN.,0.^,  which,  by  heating  to  100'^  C. 
with  CJHal,  is  changed  "into :  thein  or  methyl-theobromin 
C;Hj(CH3)N ,,()„.  In  tea  aud  coflee  ;  in  the  leaves  of  Ih.r  jiara- 
(luai/cin'is,  aud  iu  Guarana,  the  dried  pulp  of  the  truit  of 
'I'anllinia  xorhilia.  In  silken  needles  iis  CsH,oNjO.,,OIL,,  soluble 
in  water  and  alcohol.  Melts  at  225"  C..  and  sublimes.  Biiiletl 
with  baryta-water  +  OIL  =  tlieidiu  CJIuN^O  -i-  CO™.    By  the 
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action  of  CI  or  of  nitric  acid,  methylamin  and  cyanogen 
chloride  are  evolved,  and  amalio  At;iD  (tetua-methyl  allox- 
antin)  Cs(CH3).,N.,0j  is  obtained. 

Alkaloids  of  opium.  Opium,  the  inspissated  juice  of  the  half- 
ripe  capsules  oF  Papaver  gomniferum,  coutnin.s  various  bases 
united  with  sulphuric  and  meconic  acids.  By  digestion  uf  the 
opium  with  warm  water,  and  filtration,  we  remove  narcotin 
principally,  with  some  resinous  matters,  (Sc.,  and  obtain  morphin, 
codein,  thebain,  papaverin,  narcotin  and  narcein  in  solution  as 
meconates  and  sulphates,  togetlier  with  meconin  Ci,|PIn,0,  and 
extractive  matters.  Opium  acts  as  a  sedative,  and  in  larger 
doses  as  a  narcotic  poison.  On  addition  of  calcium  chloride  to 
the  aqueous  solution,  calcium  meconate  is  thrown  down,  and 
hydi-ochlorides  of  the  allcaloids  are  found  in  solution. 

'N.B.  Meconic  acid  C^H0(C00H)3,30I-L  =  C,HjO;,-OH2  or 
OxYCHELiDONic  ACID  (cHELiDONic  ACID  C^H^O,;,  in  Chelidimium 
majus,  together  with  Aconitic  acih  C^H^Og  in  Chelidoniuin  as 
al.so  in  Aconilum  napelliis)  in  mica-like  plates,  easily  soluble  in 
boiling  water,  gives  a  deep-red  color  to  ferric  salts,  not  bleached 
by  CloHg.  Easily  separated  from  calcium  meconate  by  CIH. 
Triatomic,  tribasic.  Soluble  meconates  are  precipitated  by  lead 
acetate. 

MorpMn  CnHj^NOj.OH,,  in  small,  brilliant  prisms,  soluble 
in  looo  parts  of  cold  water;  alkaline  to  test-paper  and  of 
bitter  taste.  Soluble  in  -o  parts  of  boiling  alcohol,  and 
easily  in  dilute  acids  :  insnluble  in  cldoroform  and  in  ether. 
Soluble  in  excess  of  KOH.  Precipitated  from  solutions  of  its 
salts  by  KOH,  by  fI.,N  and  by  CO(ONa),.  Melts  to  dnrk-red 
fluid,  and  bums  with  sooty  flame,  leaving  a  little  charcoal 
which  easily  bums  away.  Neutral  ferric  chloride  strikes  a  blue 
color.  With  nitric  acid,  an  oi'ange  color,  very  characteristic. 
Liberates  I  from  IO3H,  which  is  dissolved  with  amethystine 
color  by  chloroform  or  carbonic  sulphide,  and  colors  starch 
blue.  From  MORriiix  hyduociiloride  C,.H|,,N03,CIH,30H2, 
morphin  may  l>o  precipiiated  l)y  H3N.  Solution  of  iodine  pre- 
cipitates C|;H,,,N03l,.  [Apomorphin  C,.H|;N02,  by  heating 
morphin  in  an  hcrmi;tic;illy-sc:ded  tube  with  2CIH.  I.s  an 
emetic.  Is  solublo  in  ether  and  in  chloroform.]  Codein  or 
methyl-morphin  ( !,.H,/CH3)N03,OIL  =  C,,H,,N03,0H„.  Large 
rhombic  prisms,  which  molt  at  1 20°  (j.  \Vitli  soda-lime  yields 
methyl-amin.  iind  trinieth ylaniin.  Hoatod  with  strong  CIH  at 
145°  C,  into  methyl  chloride  and  apomorphin.  Tertiary  mona- 
mine.  From  its  gi-eater  solubility,  co  lein  hydrochloride  remains 
J  in  Hiilntion  after  morphin  hydrochloride  has  crystallized  out. 
j  Tuebain  C,,,H.,| N'( )3  in  silvery  scales,  insoluble  in  water,  K()II 
!  aiiil  in  H;,N'.  I'nisent  in  very  small  quantity.  Prodnees 
tetanua.     Papaverin  CjJIjiNO^,  in   minute  crystals.  Like 
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Cryptopin,  gives  with  SO^Ho  a  deep-blue  color.  Narcotin 
CjoHogNO.  =  C,,|H,j(CH3)aN0;.  in  small,  colorless  piisms,  is  ob- 
tained from  the  marc  ur  insoluble  portion  by  boiling  witli  dilute 
acetic  acid,  and  precipitation  by  NHj.  Soluble  in  128  parts  of 
boiling  alcohol  and  ig  of  boiling  ether.  Heated  with  KOH, 
yiekls  H3N  and  CHjHjN,  as  well  as  (CH3)2HN  and  (CH3)3N. 
Treated  with  3IH  =  3CH3I  +  nomarcotin  C,<,H,;NO„  or  three 
molecules  of  nu-thyl  iodide  for  one  of  the  new  base. 

Alkaloids  of  cinchona.  Cinchonin  C^.iH^jNjO,  in  ti-ansparent, 
four-sided  prisms,  very  little  soluble  in  water,  yet  alkaliue  to 
test-paper.  Soluble  in  30  parts  of  boiling  alcohol;  nearly  in- 
soluble in  ether.  A  powerful  base;  produces  powerful  right- 
handed  rotation.     In  pale  bnrk,  or  Cinchona  Condaminea. 

2,  in  lustrous  crj  stals,  faiily  soluble. 
Cinchonicin  and  Cinchonidin  are  hsomeric;  the  first  is  feebly 
right-handed,  the  latter  strongly  left-handed  as  to  polarized 
rays.  _ 

QuiniiL  CjoHj^NjOjijOH,  in  minute  silken  needles,  more 
soluble  in  water,  intensely  bitter  and  alkaline;  deviates  the 
plane  of  polarization  to  the  left.  A  valuable  febrifuge.  Very 
soluble  in  ether,  and  gives  a  green  color  with  Chlorine-wafer  and 
Ammonia.  Abundant  in  yellow  Cinchona  bark,  Cinchona  cali- 
saya.  (C2„H2.,N202).j,S0,,H2,:aq.,  requires  800  jjarts  of  cold  water 
for  solution.  Solution  has  a  blue  tiuorescence.  Quinidin  is 
isomeric,  butproiluces  powerful  right-handed  rotation.  Quinicin 
CooHojNoOj,  is  al.-o  isomeric,  imd  like  cinchonicin  is  produced 
by  heat  re^peclively  from  cjuinidin  and  cinchonidin.  N.B.  These 
aUcaloids  ure  contained  as  Kinates  chiefly.  The  so-called  Kinic 
ACID  C„H;(OB[).,COOH,  in  colorless  prisms.  Easily  obtained  from 
CALCIUM  KiNATE  (0;HnOc).,Ca, I caq.,  by  means  of  oxalic  acid. 
By  digesting  the  gioiuid  bark  in  dilute  sidphuric  acid,  and 
precipitation  of  the  bases  by  lime  or  magnesia. 

Alkaloids  of  strychnos.  In  the  seeds  of  Slrychnos  nux-vomica, 
and  in  Strychnos.  Ignatius,  stuychnix  and  erucin  are  found. 
The  expressetl  seeds  are  exhausted  by  dilute  sulphuric  acid,  and 
the  bases  precij^itated  by  calcium  hydroxide  :  brucin  is  removed 
by  washing  with  cold  alcohol.  Strychnin  C„,H„„N„02,  in  color- 
less rhombic  ]3i  isms,  almost  insoluble  in  water,  and  yet  intensely 
bitter,  and  alkaline.  Almost  insoluble  in  ether  and  absolute 
alcohol,  hut  Very  soluble  in  ordinary  spirit  of  wine  and  in  chlo- 
roform. A  fearlul  poison.  With  PbO^  and  also  with  MnOj 
and  SO,|H„,  gives  beautiful  purple  reaction,  turning  to  brown. 
Also  with  KoC'r.jOj  and  SO^ILj.  Potassinni  sulphocyanide  pre- 
cipitates sulphocyauido  of  strychnin.  Brucin  CjoHjiiNoO^,  in 
elllorescent  i)risuis,  or  in  tables  with  4  a(i.  Easily  soluble  in 
alcohol,  but  not  in  ethei-.  ll<  d  with  SOjlJ^,  and  gives  a  violet 
XU'ecipitalu  when  SnCl,  is  added  lo  the  red  solution.  Orauge 
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color  witli  NOo.OH,  for  wliich  it  is  also  a  test.  Brucea  antidijs- 
enten'cii  only  contains  bruciu.    Less  poisonous  tlian  strychnin. 

Other  alkaloids.  Atropin  CijHjsNOa.  in  Atropa  Belladonna, 
and  in  Datum  Stramonium.  Thin  needles,  of  bitter  taste,  very 
poisonous.  Unchanged  in  the  urine.  Easily  soluble  in  alcohol, 
but  little  in  water  and  ether.  Produces  dilatation  of  the  pupil  of 
the  eye.  By  heating  with  (OH)._,B  i  or  with  CIH,  by  assimila- 
tion of  OHj  into  TROPIC  acid  C^HidOj  and  tropin  "CjH,, NO. 
Veratrin  Cj^H^NjOs,  in  seeds  of  Veratrium  Sahadilla.  White 
powder,  of  sharp  burning  taste,  occasioning  sneezing.  Very 
poisonous.  Nearly  insoluble,  and  yet  alkaline.  Jervia 
C3„Hj„N„03,  in  the  root  of  Vemtrum  album.  [Piperin  Ci;H,,,NO.j, 
in  fom-sided  prisms,  insoluble  in  water;  easily  .soluble  in  alcohol 
and  ether.  From  seeds  of  Piper  nvjer.  Heated  with  soda-linie 
it  yields  pipbridin  C,Hh,HN,  a  secondary  amine.  Sinapin 
CisHjjNO-,  in  seed  of  Sinapis  alba,  as  thiocyanide,  soluble  in 
alcohol.  By  boiling  with  alkalies  (  +  2OH,)  =  cholin  C^H, ^NO., 
and  siNAPio  acid  C,,H,„02.  Hyoscyamin  Cj^H^jNO,,  in  Hi/os- 
cyammnifjer.  Bsrberin  CouHijNO,,  in  the  root  of  Berberis  vul- 
garis. With  5  OH2  in  yellow  needles.  Physostigmin  C,5H.,,N30„ 
in  the  Calabar  bean.  In  laminre  solnble  in  alcohol  and  ether. 
A  fearful  poison.  Occnsions  contraction  of  the  pupil.  Curaria 
G|,jHijN.  Lycin  C5H,,N03.  in  the  leaves  of  Lijcium  harbarum. 
Harmalin  C,3H,,,N„0  and  Harmin  C|3H,„N„0  are  in  the  seeds 
of  !'■  annum  harmala.  Cokhicin  C,/H,„N03,  in  the  seeds  of 
Colchir.i.m  autumiiale.  Cocain  C|,H„,NO,,,  in  coca-leaves. 
Corydalin  C,sH,„NO.,.  Chelidonin  C,,,H|,NO,,,  in  the  roots  of 
Chelidonium  majns.  Emetin  CjnHi^N^Os,  in  Radix  Ipecani- 
anliK.   Solanin  C.|3H„,,N0|„  in  the  sprouts  oiSolaiium  tuberosuin.l 

Gelatiginoua  principles  including  bone,  teeth,  hair,  nails,  &c. 

Gelat;in  aiifl  Chondrin  are  not  ready-formed,  but  result  from 
the  action  of  boiling  water  upon  the  gelatigenous  or  choudriu- 
producing  tissues. 

Gelatia.  Choadrin. 

Carbon  50.0  49  .i 

Hydrogen      ....      6.6  7.1 

Nitrogen  18.3  14.4 

Oxygen  25.1  29.4 


100.0  100.0 


Gelatia  swells  up  in  cold  water,  and  dissolves  on  boiling  to 
n  viscid  liquid,  which  solidities  to  a  j(illy  on  cooling.  "Sizo" 
from  parcliment,  "  ghio  "  from  bones,  and  "isinglass"  from  the 
floating  bladder  of  stnrgeon.s,  are  more  or  loss  puro  gelatin. 
Insoluhlo  in  alcohol  and  ether,  and  is  priM-ipitatod  also  by  CI  H"- 
(NO,),0,Hg,  and  (N0,),O,Hg,.    Tannin  CuH,„0,  (p.  115)', 
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precipitates  it  ns  tan  no-gelatin,  and  the  tissues  which  yield 
gelatin,  unite  directly  with  tunnin  to  "leather.''  Boiled  "with 
sulijJiuric  acid  or  with  alkalies,  gelatin  yields  both  leucin 
CbHjjNOs,  or  AMiDO-CAPROic  ACID  C^HnXHoNXCOOH)  and 
glycocin  C2H,,N0„  (or  amido-acetic  acid  CH„(H„N)(C00H). 
Leucin  crystallizes  in  lustrous  scales,  but  little  soluble  in  water. 
It  unites  with  acid.s  and  bases.  Heated  with  (OH)„Ba  = 
CsHii.HjN  +  CO.OjBa.  Chondrin,  fi'om  tlie  ribs  and  ioiuts,  is 
precipitated  from  its  i-olnti(jns  by  acetic  acid,  alum,  lead  acetate 
and  other  metallic  salts,  and  not  by  mercuric  chloride.  With 
sulphuric  Hcid,  only  lelcin.  Boiled  with  CIH,  gives  gltjcose.— 
Sericin  CuHjaN^Og.  Soluble  in  boihng  water,  and  solidifies  on 
cooling  to  a  jelly.  Is  precipitated  by  CygFeK.,,  imd  by  VM-ious 
metallic  salts.  Boding  with  t-ul|:)buric  acid,  sericin  aft'ords  besides 
LEUCIN  CoH,3NO„,  and  tyrosin  CH,  1NO3,  serin  or  amido-glyceric 
acid  CH2.H2N.CHOH.COOH  (hard  crystals  chiinged  by  NO.OH 
into  GLYCERIC  acid  CjH^Oj  or  dioxy-propionic  acid.)— Fibroin 
Ci5H23N30e,  constitutes  66  per  ceut.  of  silk.  Insoluble  in  hot 
w.iter,  in  alcohol  and  ether.  Boiled  with  sulphuric  acid,  gives 
leucin,  tyrnsin  and  glycocin. 

Albuminoids  or  proteids.  Approximate  formula  C-„H,i„NigO„„S. 
They  also  contain  phospbntes.    Boiled  with  CIH.  and  CLSn, 
tliey  are  resolved  into  H3N,  CgHijNOo,  C„H]iN03,  aspaetic 
ACID  and  GLLTAMic  ACID  03H5.H2N(COOH)„.    They  are  pre- 
cipitated by  mineral  acids;  by  CygFeK^  with  a  little  acetic 
acid ;  by  acetic  acid ;  by  Millou's  reagent  (mercuric  nitrate), 
a  deposit,  and  a  solution  which  turns  "red.    They  also  rotate 
the  plane  of  polarization  to  the  right.    Class  I.  Albujuxs  : 
soluble  in  water,    a.  See-albumin,  yellow,  elastic,  transparent, 
soluble,  and  precipitated  by  nlcohol,  which  slowly  changes  it 
into  coagulated  albumin.    Not  precipitated  by  "very  dilute 
acids  in  small  quantities.    Immediately  by  strong  acids,  espe- 
cially nitric  acid,  in  which  it  is  easily  soluble.  "Concentrated 
NOoOH  produces  a  bright  orange  color.     Aqueous  solution 
coagulated  by  boiling ;   albumins.     Not  coagulated  :  Pep- 
tones.   All  allnmiinoids  changed  into  Peptones  liy  gastric  juice. 
h.  Ovalbumin,  gradually  gives  a  preci|)itate  when  "shaken"  with 
other,  and  is  nearly  insoluble  in  nitric  acid.    (Tbe  yollv  of  an 
egg  contains  albumin  and  casein.)    c.  A'egetali3Umin  resembles 
ovalbumin.    Class  II.  Globulins  :  insoluble  in  water.  Insoluble 
in  water,  but  soluble  in  1  per  cent,  solution  of  ClNa  or  other 
neutral  salts,    a.  Myosin,  iiisiduble  in  water,  but  soluble  in  very 
dilute  CIH,  rapidly  passuig  into  acid-albunnn.   It  is  also  coagu- 
bileil  by  alcohdl.     Occurs  in  the  protoplasmn,  or  contractile 
muscnlar  sub.slsmce  caiiii'mg  rigor  mortis.  yS.  Globulin.  Suspended 
in  water,  and  lieal,ed  to  70^^  C,  it  becomes  coagulnteand  insoluble. 
By  dilute  aciils  into  acid-albumin,   lu  dilute  alkalies,  soluble  as 
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Albuminate.  Is  preci]3itated  from  its  saline  solution  by  C0„,  and 
is  prepared  from  diluted  blood-serum  by  a  stream  of  COj. 
Glolmlin  also  in  aqueous  humour,  in  the  juice  of  the  cornea,  &c. 
Globulin  from  blood-serum  is  fibrino-plastic.  7.  Fibrinogen, 
is  more  difficult  to  precipitate  by  C0„  than  globulin,  more  ilaky, 
and  more  easily  precipitated  by  alcohol-ether.  It  is  moreover 
FiBRiNOGENOUS,  producing  fibrin  when  mixed  with  fibrino-plastic 
globulin.  Prepared  from  pericardial  fluid,  or  hydrocele  fluid, 
or  any  other,  capable  of  producing  a  clot  with  blood-serum. 
Class  III.  Derived  ALBuraNS.  Insoluble  in  water  and  in  dilute 
solutions  ([  per  cent.)  of  sodium  chloride :  soluble  in  dilute  acids 
and  alkalies.  A.  Acid  albumin.  A.11  the  globulins  of  Class  II. 
are  soluble  in  dilute  acids,  and  thus  converted  into  acid  albumin, 
and  the  precipitate  on  neutralizatiou  is  no  more  soluble  iu 
neutral  salines.  And  so,  if  dUute  CIH  or  CH3COOH,  be  added  to 
ser-  or  ov-albumin,  no  coagulation  takes  place  on  heating  to 
70°  C.  or  above,  but  rotation  to  the  left  is  increased  :  on  neutral- 
ization, a  white,  gelatinous  precipitate  is  occasioned,  and  soluble 
albumin  becomes  insoluble  in  water,  as  in  hot  alcohol.  Sus- 
pended in  water  and  heated  to  70°  C,  it  enters  into  the  coagu- 
lated state.  B.  AlkaU-albumin  or  albuminate.  Casein.  Alkalies 
similarly  prevent  coagulation;  on  neutralization  the  albumin  is 
similarly  precipitated.  Hot  alcohol  re-dissolves  alkali-albumin. 
Casein,  from  milk,  has  similar  properties :  it  is  coagulated  by 
infusion  of  reimet.  Class  IV.  Fibrin.  Insoluble  in  water  and  in 
dilute  (1  per  cent.)  hydrogen  chloride,  except  when  heated  to 
60°  C.  Fibrin  is  filumcntaceous,  and  elastic,  insoluble  in  water, 
but  soluble  in  .solution  of  saltpetre  at  40°  C.  The  formation  of 
fibrin  due  to  contact  of  fibrinoplastic  with  fibrinogenous  sub- 
stances, which  combine.  Glutin  consists  mainly  of  vegetable 
fibrin  and  glutiri.  Class  V.  Coagulated  proteid.  Insoluble  in 
dilute,  as  well  as  in  strong  acids :  soluble  in  gastric  juice. 
Produced  when  lujutral  solutions  of  albumin,  syntonin,  fibrin, 
myosin,  &c.,  arc  boiled  or  precipitated  by  alcohol.  Ovalbumin 
i.i  also  coagulat(.'d  by  ether,  ami  by  strong  CIH.  Casein  and 
nlbuminatcs,  when  precii)iiated  from  neutral  solutions,  pass  into 
coagulated  albumin  by  heat :  and  they  are  changed  back  by 
caustic  potash  into  albmninatus.  Class  VI.  Peptones.  All  albu- 
minoids changed  into  peptones  by  the  gastric  juic(!  :  they  are 
found  in  the  stomach  and  small  intestines.  Easily  soluble  in 
water,  atid  insoluble  in  alcohol  and  ether.  Not  precipitated  by 
acids  nor  by  potassium  ferrocyain'dc,  but  by  CL^TIg  and  lead 
acetate  with  amin(jnia. 

Bones  when  dried  at  roo°  C.  consist  of  about  onc-lhird  of 
organic  matter;  the  remaining  two-thirds  being  composed  chiefly 
of  calcium  ortho-phosphate,  with  calcium  carbonate  and  magne- 
sium phosphate.    liy  boiling  iu  u  Papin's  digester  at  150°  C, 
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the  gelatin  is  dissolved,  aud  the  earthy  matters  are  left.  Tlie 
teeth  are  similar,  hut  the  portion  which  projects  over  tlie  gums 
is  encased  with  a  compact  hard  crust,  known  as  the  enamel, 
and  whicli  contains  but  a  very  small  joroportiou  of  ammal 
matter. 

Blood  is  the  source  of  all  nuti-iment  and  all  secretions. 
Average  sjd.  gr.  of  human  blood  is  from  i  .052  to  1.057,  varying 
in  the  proportion  of  the  red  corpuscles.  The  serum  is  more 
uniform,  between  1.027  and  i.02g;  alkaline,  straw-colored, 
highly  albuminous.  Heated  to  76°.  7  C,  it  coagulates  to  a  semi- 
transjDarent  jelly  owing  to  the  presence  of  7.7^!  per  cent,  of 
albumin.  Tlie  solid  crcor  or  ckassamentcm  begins  to  separate 
from  three  to  five  minutes  after  the  blood  has  been  drawn,  and 
is  traced  to  the  action  of  fibrino-plastic  and  fibrinogenous 
bodies ;  by  strong  agitation  no  coagulation,  as  the  fibrin  sejia- 
rates  in  coherent  filaments.  The  blood-discs  or  red  blooij-cor- 
puscles  con.sist  in  chief  part  of  haemcglobin,  or  haematocrystallin. 
Usnally  amorphous,  but  crystalline  from  cats,  dons,  rats,  mice, 
and  many  fisli.  A  brick-red  powder,  soluble  in  water,  and  pre- 
cipitated by  alcohol :  its  aqueous  solution  exhibits  in  its  spec- 
trum two  absorption-bands  situated  between  the  Fraunhofer 
lines  D  and  E.  The  solution  containing  0  has  a  deep-red  color 
and  exliil)its  the  absorption-bands;  free  from  0  is  darl;-piu-ple. 
Oxygenated  htemoglobulin  is  resolved  bydilute acids  oralkalies 
into  two  proteids,  fatty  acids,  and  haematin  CjjHjiFeNjOj,  a 
dark-blue  powder  when  dry,  containing  9  per  cent,  of  iron. 
When  blood  is  warmed  with  strong  acetic  acid,  aud  solution  of 
ClNa,  a  substance  called  hsemin,  separates  in  yellowish-red, 
microscopic,  rhomboids  :  a  test  for  blood. 

Brains.  Besides  80  per  cent,  of  water,  and  7  per  cent,  of 
albumin,  the  brain  contains  (in  a<ldition  to  small  quantities  of 
kreatin,  lactic  acid,  uric  acid,  inosite,  &c.)  fats,  cholesteriu, 
cerebrin  and  lecitliin.  Cerebrin  Ci^HjjNOj  is  a  tasteless  sub- 
stance, insoluble  in  cold  ether.  It  swells  up  when  boiled  with 
water.  Lecithin  C.,oHg,,NPO,,,  occurs  also  in  yolk  of  eggs, 
blood-corpuscles.  &c.  It  is  a  waxy  substance,  soluble  in  alcohol 
and  ether;  swells  up  with  water,  forming  an  opalescent  solution. 
It  unitis  with  basyls  and  radicles.  Forms  (C^oH.jNPO^CI),. 
CljPt  By  boiling  with  acids,  lecithin  into:  cholin  CjHisNOj, 
and  GLYCiaio-riiosi'HORic,  iwljiitic  and  oleic  acids. 

Bile.  A  greenish  viscid  liquid,  which  darkens  on  exposure 
to  air.  Alkaline,  of  disagreeable  odor,  freely  miscible  with 
water,  and  of  bitter  tnstc.  Evaporated  at  100°  C,  and  treated 
with  alcohol,  a  thick  jelly  of  siicvs  is  left.  Tlie  alcoholic 
solution  contains  coloiuno  matter  and  choi.estekin  C„,iH„OH 
(p.  151).  The  BILE-PIGMENTS  arc  :  a.  bilirubin  C,6H,sN„03,  the 
chief  coloring  matter,  forming  dark-red  prisms,  insoluble  in 
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water,  and  spnringly  soluble  in  alcohol  and  ether.  Easily 
soluble  in  CHCI3  and  in  S,C.  Soluble  in  hydroxides,  with  yel- 
lowish-red color ;  when  shaken  with  air,  biliverdin  C,aH„(,N,0„ 
of  green  color,  precipitates,  h.  Bilifuscin  CieHooN.O^  is"  dark- 
green,  soluble  in  alcohol,  but  insoluble  in  chloroform  and  in 
water.  With  nitric  acid,  all  the  pigments  give  a  green  color, 
changing  to  blue,  violet,  red  and  yellow.  A  test.  Besides 
choUn  CjHijNO,  (which  has  the  composition  of  tri-methyl 
ethene  hydrinammoiiium  hydroxide  C.,H^.OH.(CH3)3N.OH),  the 
bile  contains  two  peculiar  acids,  i.  Glycocholic  acid  CooH^sNOb, 
slender  needles,  sparingly  soluble  in  water,  easily  in  alcohol. 
In  the  bile,  as  glycocholate  of  sodium  CgH^^NO^ONa.  On 
addition  of  sugar  and  SOjCOH),,  a  purple-red  color  (Petteu- 
kofer's  test).  By  boiling  with  alkalies  {+  OH^)  into  glycocin 
CH„(H3N)C00H,  and  choUc  acid  C.^H^O,  :  boiled  with  acids, 
first  into  glycocin  and  cholio  acid,  and  the  latter  then  into 
dyslysin  C,,H3,03.  2.  TaurochoUc  acid  C,eH„NSO„  also  in 
slender  needier,  easily  soluble  in  water  and  alcohol.  By  boiling 
with  water  (+  OH,),  into  choliu  aciu  C„.,H,„05,  and  Tanrin 
C,Hj(H„N)S03H,  p.  97.  In  the  bile  as  TAUROCHOLATE  OF 
SODIUM.  The  bile  of  pigs  contains  sodium  salts  of  hyoglycooholic 
acid  G„;H„N05  and  hyotaurocholic  acid  C„;H„NS0,;.  (Hyo- 
CHOLic  ACID  CjjHidO,,.)  Goose-bile  contains  chenotaurccholic 
acid  C^gH.gNSOs.  (Cuenocholic  acid  C^jH^O^.)  Oriental 
bezoarstones  contain  ellagic  acid  CViHgOy  and  lithofellic  acid 
G.oHjsO,, :  the  latter  gives  with  sucrose  and  S0,(0H)2  a  purple 
color. 

Chyle  is  an  opalescent  fluid  of  a  yellowish-white,  or  pale 
reddish  color.  Feebly  alkaline,  more  or  less  milky  from  sus- 
pended fat  globules,  and  deposits,  wlien  boiled,  a  few  albu- 
minous fiocculi.  Eesombles  blood,  but  is  fnr  more  dilute. 
iMbrm  IS  greatest  when  the  chyle  taken  from  fasting  animals 
Lymph  is  a  yellowish  or  colorless  fluid,  also  of  faint  alkaline 
reaction.  Like  Idood  and  chyle  it  contains  fibrin.  The  al- 
bumui  in  it  varies  from  0.4  to  6.0  per  cent.,  and  of  fibrin  frfim 
o.  3  to  0.5  per  cent,  in  hunum  beings.  Milk,  as  seen  under  the 
microscope,  forms  a  transparent  thud,  confnining  innumerable 
transparent  oily  globules;  these  globules  are  contained  in  a 
thin  membrane  wliich  is  not  visible  until  the  milk  is  treated 
with  dilute  acetic  acid.  Albumin  is  only  present  in  colodrum, 
or  tiio  milk  produced  after  birth.  The  quantity  of  salts  in  cow'.s 
milk  amounts  to  about  0.75  percent.;  the  i)liosphatcs  are  the 
most  imiiortant.  Cow's  milk  varies  in  sji.  gr.  from  10  jo  to  1040 
It  contains  about  12.5  per  cent,  of  total  .solids-  fat  5  • 
LACTn.SE  and  soluble  salts  5.20;  casein  and  insoluble  salts 
4.':5- 

Among  the  liquids  coneerned  in  digestion  (besides  bile)  we 
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notice:  Saliva.  An  opalescent,  viscid  liquid,  ■which  froths  on 
agitation.  The  solids  vary  from  0.4  to  0.84.  In  addition  to 
epithelial  particles,  and  to  the  mucus  derived  from  the  mouth, 
the  saliva  contains  ptyalin  which  resembles  sodium  albuminate. 
It  constitutes  one-third  of  the  soluble  solids  of  the  suliva,  and 
converts  starch  into  dextrin  and  dextrose.  Further,  the  saliva 
is  faintly  alkaline.  Besides  carbonates  and  lactates  of  potas- 
sium and  sodium,  it  contains  sulphocyanide  of  potassium,  car- 
bonate and  phosphate  of  calcium,  the  two  last,  together  with 
salivary  mucus,  constituting  the  tartar  of  teeth.  The  gastric 
juice  elfects  the  digestion  of  the  albuminoid  constituents  of 
food.  It  is  a  clear  colorless  liquid,  of  peculiar  odor ;  very  acid 
after  ingestion  of  food.  Very  powerful  antiseptic.  Does  not 
become  turbid  when  boiled.  The  acid  consists  of  lactic  and 
hydrochloric  acids,  with  traces  of  butyric  and  propionic. 
Besides  certain  salts,  it  contains  Pepsin,  an  albuminoid  body, 
soluble  in  water,  but  insoluble  in  alcoliol  or  in  ether.  Wlieu 
boiled,  pepsin  loses  its  power  of  effecting  digestion  :  its  aqueous 
solution  is  precipitated  by  CUHg,  but  not  by  CygFeKj,  in 
ai'etic  acid  solutions.  Dried  pepsin  with  20  to  50  per  cent,  of 
starch,  is  an  article  of  commerce.  The  Pancreatic  fluid,  some- 
what resembles  saliva.  It  aids  in  the  assimilation  of  fats. 
Sp.  gr.  J. 008.    Contains  about  10  per  cent,  of  solids,  among 

Wllich  LEUCIN  C5H1n.H2N.COOH,  XANTHIN   CsH^NjO^,  GUA^^N 

CjH5N50  and  inosite  CcHi206.  Further  it  contains  albumin, 
and  becomes  coagulated  when  heated.  Mucus.  A  tough,  viscid 
secretion,  in  which  epithelial  particles  can  be  traced  in  dift'erent 
stages  of  disintegration.  It  swells  up  in,  but  is  uot  dis.solved 
by,  water :  mucin  gives  the  glairy  consistence  to  the  mass,  and 
is  turned  yellow  by  nitric  acid,  not  precipitated  by  Cl„Hg,  but 
coagulated  by  alcohol. 

The  Urine.  From  arterial  blood  by  the  kidneys.  Average 
sp.  gr.  1 .02.  The  quantity  passed  by  an  adidt  varies  from  40 
to  50  oz.  per  day.  Amber-colored,  of  slight  acid  reaction,  and 
peculiar  odor.  It  soon  begins  to  putrefy,  and  becomes  alkaline 
I'rom  the  conversion  of  uhea  C0N.,H,  +  20H._,  into  ammoxrm 
CARBONATE  :  the  mucus  of  the  bladder  acting  as  a  ferment. 
Besides  water  95.680  per  cent.,  and  urea  CONjH^,  r.420  per 
cent.,  the  urine  contains  mucus  0.016,  uric  acid  CjH,N,03, 
0.037  ptr  cent.,  alcoholic  extract  i  .  25  5,  aqueoi  s  extract 

0.250,  sodium  chloride  0.722,  rHOSPHATES,  sulphate.s,  &c., 
0.613  per  cent.  The  urine  of  bcrbivora  is  rich  in  hipitric 
ACID  CII.,.NH.C;H.,O.COOII.  The  colorimr  matters  of  the 
urine.  Unocnuo-ME  and  ui!Omelanin  C3„Hj3N;0,|,.  The  uriufc 
is  the  chief  oii(,let  of  the  i^Ueto  nitrogenized  tissues.  Lehmann 
secreted  821  grains  of  urea,  and  21.6  grains  of  uric  acid,  per  24 
hours,  on  au  animal  diet;  on  a  vegetable  diet  348  grains  of 
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urea,  and  15 .4  grains  of  uric  acid.  Sulphates  increase  greatly 
in  the  urine  with  animal  food.  All  salts  of  potassium,  sodium 
and  ammonium  with  vegetable  acids,  tnken  as  such,  are  voided 
as  carbonates.  In  certain  diseases,  albumin  is  found  in  the 
urine.  In  diabetes,  the  urine  contains  much  dextrose.  Chief 
calculi  are:  i.  Uric  acid.  2.  Ammonium  urate.  The  deposit 
so  common  in  urine,  of  a  pink  color,  is  urate  of  ammonium. 
3.  Calcium  oxalate.  "  Mulberry  calculus."  4.  Calcium  ortho- 
phosphate  :  infusible.  5.  Ammonium  magnesium  phosphate. 
"Triple  phosphate."  "Fusible  calculus"  is  a  mixture  of 
4  and  5.  6.  Xanthin  C^H^N^O,  ;  very  rare.  7.  Cystin 
CjHgNSO,. — An  important  biliary  calculus  consists  mainly  of 
cholesterin  CjijHjjOH. 

The  soM  excrements  or  faeces  consist  of  about  75  per  cent,  of 
water ;  the  rest,  of  biliary  matters  and  alimentary  deljris 
According  to  Liicbig,  about  5  J  ounces  are  excreted  in  24  hour; 
by  a  healthy'  adult.  The  odor  is  the  more  offensive  as  the 
quantity  of  bile  diminishes.  Marcet  has  discovered  excretin 
C,,H,,,SO,. 

Pus  is  a  thick,  opake,  yellowish  tluid,  which,  under  the 
microscope  is  seen  to  consist  of  a  transparent  liquid,  in  which 
a  large  number  of  corpuscles  float.  It  is  feebly  alkaline,  and 
holds  a  considerable  quantity  of  albumin  in  solution;  leucin 
C5H,„(H2N)COOH,  is  also  often  present,  and  has  been  already 
mentioned  at  pp.  126  and  130.  [Leucin  is  further  formed  by 
the  decomposition  of  gelatin,  wool  and  horn,  &c.,  dining  putre- 
faction. Indeed,  it  was  first  discovered  in  putrid  cheese.  The 
crystals  molt  at  joo°C.,  and  sublime.  Nitrous  acid  changes  leucin 
into  LEUCic  acid  C,jH|„03.  It  is  produced  artificially  from  bromo- 
CAPROic  ACID  by  ammonia,  and  by  digesting  valeral-ajimonia 
with  cyanide  of  liydrngen  and  chloride  of  hydrogen.  Thus: 
C,H,„0.H3N  +  CNH+0IL  -f-  CIH  =  H,NC1  +  C,H,„.H„N.COOH.] 
The  pus-globules  contain  both  fat  and  cholesterin  C.,„H„0I-I, 
the  liittcr  having  tlic  coniposition  of  a  monatomic  alcohol.  It  is 
a  lustrous,  fiit-like  substance,  soluble  in  boiling  alcohol,  in  ether 
and  in  chloroform.  It  melts  at  i^7°C.,  and  sulJimes  at  200°  C. 
It  is  the  chief  constituent  ofbiliary  calculi  (p.  1  28).  Pyin  is  the 
nimie  of  the  albuminoid  substance  found  in  pus  ;  it  is  solublo 
in  water,  but  ])iccii)itat('d  by  acetic  acid  as  well  as  by  sduin. 
The  saline  constituents  exceed  12  per  cent,  of  the  total  dry 
matter. 
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VAGIILR. — A  Primer  of  Chemistry,  including 

Analy.sis.    By  Autiiith  Vai  mer.    ISmo,  Is. 
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CWEWIB'T-RY— continued. 

VALENTIN.— Introduction  to  Inorganic  Chem- 
istry. By  WiLLJAa  G.  Valentin,  F.C.S.  Third  Edition.  With  8:i 
Engraving-s.    Svo,  es.  6d. 

By  the  same  A  uthor. 

A  Course  of  Qualitative  Chemical  Analysis. 

Fifth  Edition  by  W.  K,  Hodgkinson,  Ph.D.  (Wiirzburg),  Demon- 
strator of  Practical  C'liemistry  in  the  Science  Training-  Schools. 
"With  EngTaving-t-.    8to,  7s.  6d. 

ALSO, 

Chemical  Tables  for  the  Lecture-room  and 

Laboratoiy.    In  Five  large  Sheets,  5s.  6d. 


CHILDREK",  DISEASES  OP. 
DAY.~A  Treatise  on  the.  Diseases  of  Children. 

For  Practitioners  and  Students.  By  "VVj  lliam  H.  Day,  M.D.,  Pliysiciaii 
to  the  Samaritan  Hospital  for  Women  and  Childieu.  Crown  Svo, 
12s.  6d. 

ELLIS.— A  Practical  Manual  of  the  Diseases 

of  Children.  By  Euwaiid  Ellis,  M.D.,  late  Senior  Physician  to  the 
Victoria  Hospital  for  Sick  Cliildi-en.  AVith  a  Formulary.  Fourth 
Edition.    Crown  Svo.  [jVfrtr/y  raidij. 

SMITH.  ~~  Clinical     Studies     of     Disease  in 

Gliildren.  By  Eustac;i!  S.mitii,  M.D.,  F.Il.C.P.,  Physician  to  H.M.  the 
King  of  the  Belgians,  and  to  the  Ea.st  London  Hospital  for  Children. 
Post  8vb,  7s.  6d. 

By  Ihe  same  Aiillior. 

On  the  Wasting  Diseases  of  Infants  and 

Children.    Third  Edition.    Post  Svo,  8s.  (Jd. 

STIJINER— Compendium   of   Children's  Dis- 

wifcs;  a  Handljoolc  for  Practif^ionerH  and  8tudoiit.H.  By  Jom\nn 
Stuinkh,  M.D.  Transhit,(-d  by  Lawhom  Tait,  F.ll.C.B.,  Surgi'on  to  tlu' 
Biriiiingharn  Hospital  for  Women,  fcc,  8vo,  V2h.  lid. 
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DENTISTRY. 

SEW  ILL.— The     Student's    Guide    to  Dental 

Anatomy  and  Surg-ery.  ByHENiiv  E.  Sewill,  M.R.C.S.,  L  D.S.,  late 
Dental  Surgeon  to  the  "West  London  Hospital.  With  77  Engl•a^ings. 
Pcap.  Svo,  5s.  ed. 

SMITH. — Handbook  of  Dental   Anatomy  and 

Surgery.    For  tlie  Use  of  Students  and  Practitioners.    ByJoiix  Smith, 
,  M.D.,  F.E.S.E.,  Dental  Surgeon  to  the  Royal  Infirmary,  Edinburgh. 
Second  Edition.    Foap.  8vo,  4s.  6d. 

/STOCA'^iY.— Elements  of  Dental  Materia  Medica 

and  Therapeutics,  with  Pharmacopa3ia.  By  James  Stockf..\,L.D.S.R.C.S., 
late  Lecturer  on  Dental  Materia  Medica  and  Therapeutics  and  Dental 
Surgeon  to  the  National  Dental  Hospital.    Tliii-d  Edition.    Fcap.  Svo. 

[/«  tice  press. 

TAFT.—K    Practical    Treatise    on  Operative 

Dentistry.  By  Jo.vatiian  Taft,  D.D.S.,  Professor  of  Operative  Sui-gery 
in  the  Ohio  College  of  Dental  Surgery.  Thii-d  Edition.  With  134 
Engravings.   Svo,  ISs. 

TOMES  {C.  5'.).— Manual  of  Dental  Anatomy, 

Human  and  Comparative.  By  Chakles  S.  Tomes,  M.A.,  M.R.C.S., 
Lecturer  on  Anatomy  and  Physiology  at  the  Dental  Hospital  of  London. 
Second  Edition.   With  Engra%'ings.    Crown  Svo.  [Zn  pi-cparatioii. 

TOMES  (J.  and  C.   S.).—A  Manual  of  Dental 

Surgery.  By  Joh\  Tomes,  M.R.C.S.,  F.R.S.,  and  CiiAiii.i-s  S.  Tomes, 
M.A.,  M.R.C.S.  Second  Edition.  With  262  Engraving.s.  Fcap. 
8vn,  14s. 


EAR,  DISEASES  OF. 

BURNETT.— The  Ear:  its  Anatomy,  Physio- 
logy, and  Disease,".  A  Practical  Treati-^o  for  the  Use  of  Medical 
Students  and  Practitioners.  By  Cuap.les  H.  Buknett,  M.D.,  Aural 
Surgeon  to  Ihc  Presbylcriau  Hospital,  Philadelphia.  With  87  Engrav- 
ings.   Svo,  18s. 
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EAR,  DISEASES  O'F- cnnthuu;d. 
DALBY. — On  Diseases  and  Injuries  of  the  Ear. 

Bj- WiLLiAsi  B.  Dalby,  F.E.C.S.,  Aural  Sm-geon  to,  and  Lecturer  ou 
Aiu-al  Sm-gery  at,  St.  George's  Hospital.  Second  Edition.  "With 
Engravings.    Fcap.  8vo,  6s.  Gd. 

JONES.— A  Practical  Treatise  on  Aural  Sur- 
gery. By  H.  Maonaugiiton  Jones,  M.D.,  Professor  of  the  Queen's 
University  in  Ii-eland,  Surgeon  to  the  Coi  k  Ophthalmic  and  Aural  Hos- 
pital.  "With  46  Engravings.   Crown  Svo,  5s. 

By  the  same  A  utiwr. 

Atlas  of  the  Diseases   of  the  Membrana 

Tympani.  In  Coloured  Plates,  containing  59  Eigures.  With  Ex- 
planatory Text.    Crown  4to,  21?. 


FORENSIC  MEDICINE. 
0Cr*5T0iV.— Lectures  on  Medical  Jurisprudence. 

By  Frasci.s  Ogsto.v,  11. D.,  Professor  of  Medical  Jurisprudence  and 
Medical  Logic  in  the  University  of  Aberdeen.  Edited  by  Fbancis 
OosTos,  Jun.,  M.D.,  Assistant  to  the  Professor  of  Medical  Jurispru- 
dence and  Lecturer  on  Practical  Toxicology  iu  the  University  of 
Aberdeen.   With  12  Plates.    8vo,  Itis. 

TAYLOR— The    Principles    and    Practice  of 

Medical  Jurispnidencc.  ByAi^FKEo  S.  Tayloii,  M.D.,  E.E.S.,  late 
Professor  of  Jlcdical  Jurisprudence  to  Guy's  Hospital.  Second  Edition. 
With  189  Engravings,  2  Vols.    8vo,  31s.  6d. 

By  the  same  A  ulhor. 

A     Manual    of    Medical  Jurisprudence. 

Tenth  Edition.   With  65  Engravings.    Crown  Bvo,  14s. 
also, 

On  Poisons,  in  relation  to  Medical  Juris- 
prudence and  Medicine.  Tliird  Edition.  With  104  EngraTOiga. 
Crown  Svci,  Ifis. 

WOODMAN  AND    TIDY.— A    Handy-Book  of 

Forensic  Medicine  and  Toxicology.  By  W.  Bathuiist  Woodman,  M.D., 
p'.R.C.P.  ;  and  C.  MEV.M0TT  Truv,  M.B.  With  8  Lithograpliio  Plates 
and  116  Wood  Engravings.   8vo,  31s.  (id. 
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HYGIENE. 

PARKES.—A   Manual  of   Practical  Hygiene. 

By  Edmund  A.  Parkes,  M.D.,  F.E.S.  Fifth  Edition  by  F,  De  Chaumoxt, 
M.D.,  F.R.S.,  Pi-ofessor  of  Jlilitary  Hygiene  in  tbe  Army  Medical 
School.    With  9  Plates  and  112  Engravings.    Svo,  18s. 

WILSON.— A  Handbook  of  Hygiene  and  Sani- 
tary Science.  By  George  Wilson,  M.A.,  M.D.,  Medical  Officer  of 
Health  for  Mid  Wai-wickshire.  Fovu-th  Edition.  With  Engravings. 
Crown  Svo,  10s.  Gd. 


MATERIA  MEDICA  AND  THERAPEUTICS. 

BINZ  AND  SPARKS.— The  Elements  of  Thera- 
peutics: a  Clinical  Guide  to  the  Action  of  Medicines.  By  C. 
BiNZ,  M.D.,  Professor  of  Pharmacology  in  the  University  of  Bonn. 
Translated  and  Edited  with  Additions,  in  conformity  with  the  British 
and  American  Pharmacopoeias,  by  Edwasd  I.  Spark,-!,  M.A.,  M.B., 
F.R.C.P.  Lond.    Crown  Svo,  6s.  6d. 

OWBN. — Tables  of  Materia  Medica  ;  com- 
prising the  Contents,  Doses,  Proportional  Composition,  and  Methods 
of  Manufactirre  of  Pharmacopoeial  Pi-eparations.  BylsAMBARD  Owex, 
M.B.,  M.R.C.P.,  Lecturer  on  Materia  Medica  at  St.  George's  Hospital. 
Fifth  Edition.    Ci'own  Svo,  2s.  6d. 

BOYLE  AND  HARLEY.—A  Manual  of  Materia 

Medica  and  Therapeutics.  By  J.  Fordes  Royle,  M.D.,  F.R.S..  and  John 
Harley,  M.D.,  F.R.C.P.,  Physician  to,  and  Joint  Lectui-er  on  Clinical 
Medicine  at,  St.  Tliomn.s's  Hospital.  Sixth  Edition.  Witli  139  Engi-av- 
ings    Crovm  Svo,  15s. 

THOBOWGOOD. —The     Student's     Guide  to 

Materia  Medica.  By  John  C.  Thorowoood,  M.D.,  F.R.C.P.,  Lecturer 
on  Materia  Medica  at  the  Middlesex  Hospit.al.  With  Engra^-ings. 
Fcap.  Svo,  6s.  6d. 

WABING.—A  Manual  of  Practical  Therapeu- 
tics. By  Edward  J.  Wari.no,  C.B.,  M.D..  T.E.C.P.  Third  Edition. 
Fcap.  Svo,  12s.  6d. 
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MEDICINE. 

BARCLAY.— A  Manual  of  Medical  Diagnosis. 

By  A.  Whyte  Barclay,  M.D.,  F.R.C.P.,  Physician  to,  and  Lectm-er  on 
Medicine  at,  St.  George's  Hospital.    Third  Edition.    Fcap.  870, 10s.  6d. 

CHARTERIS.— The    Student's    Guide    to  the 

Pi'actice  of  Medicine.  By  Mattiie\v  CnAnTERis,  M.D.,  Pi'ofessor  of 
Materia  Medica,  XJniversity  of  Glasgow ;  Physician  to  the  Eoyal  Infli-m- 
ary.  With  Engravings  on  Copper  and  Wood.  Third  Edition.  Fcap. 
8vo,  7s. 

FENWICK.— The  Student's  Guide  to  Medical 

Diagnosis.  By  Sa.muel  Fenwick,  M.D.,  F.R.C.P.,  Physician  to  the 
London  Hospital.  Fifth  Edition.  With  111  Engravings.  Fcap.  8vo,  7f. 

By  the  same  A  uthor. 

The  Student's  Outlines  of  Medical  Treat- 

mcnt.    Second  Edition.    Fcap.  Svo,  7s. 

FLINT. — Clinical  Medicine  :  a  Systematic  Trea- 
tise on  the  Diagnosis  and  Treatment  of  Disease.  By  Au.stin  Flint, 
M.D.,  Professor  of  the  Principles  and  Practice  of  Medicine,  &c.,  in 
BeUeyue  Hospital  Medical  CoUegc.    Svo,  20s. 

By  the  same  Author. 

A  Manual  of  Percussion  and  Auscultation  ; 

of  the  Pliysical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and 
of  Thoracic  Anemi.sra.    Post  Svo,  6s.  6d. 

HALL.  —  Synopsis  of  the  Diseases  of  the  Larynx,  ^ 

Lungs,  and  Heart  :  corapriauig  Dr.  Edwards'  Tables  on  the  Examina- 
tion of  the  Chest.  Willi  Alterations  and  Additions.  By  F.  Dn 
HAvri.LANi)  Hall,  M.D.,  F.Pi.C.P.,  Assistant-Physician  to  tlic  West- 
minster Hospital.    Eoyal  Svo,  2s.  (id. 

<S'^iV;S'07T/.--Manual  of  the  Physical  Diagnosis 

of  Diseases  of  the  Heart,  including  tlie  use  of  tlic  Sphygmograph 
and  Cardiograph.  By  A.  E.  Sa.nsom,  M.D.,  F.It.C.l'.,  .As.sistant- 
I'hysician  to  the  London  Hospital.  Third  Edition,  -.litli  .17  Woodcuts. 
Fcap.  Svo,  7s.  6d. 
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WKDICTN'E-— continued. 

WARNER— StvLd&nt's  Guide  to  Medical  Case- 
Taking-.  By  Fraxcis  Warner,  M.D.,  Assistant-Phytician  to  the 
London  Hospital.    Fcap.  Svo,  5s. 

WHITTAKER.— Students'  Primer  on  the  Urine. 

By  J.  Travis  Wiiittaker,  JI.D.,  Clinical  Demonstrator  at  the  Eoya] 
Infirmary.  Glasgow.  With  Illustrations,  and  16  Plates  etched  on 
Copper.    Post  Svo,  4s.  (;d. 


MIDWIFERY, 
BARNES. — Lectures  on   Obstetric  Operations, 

including- the  Treatment  of  Hremorrhage,  and  forming- a  Guide  to  the 
Management  of  Difficult  Labour.  By  Egbert  Baexes,  3I.D.,  F.E.C.P., 
Obbteti-ic  Physician  to,  and  Lecturer  on  Diseases  of  Women,  ifec,  at  St  . 
George's  Hospital.    Third  Edition.    With  124  Engrarings.   8to,  ISs. 

CLAY.— Th&  Complete  Handbook  of  Obstetric 

Surgery ;  or.  Short  Rules  of  Practice  in  every  Emergency,  from  the 
Simplest  to  the  mo.^t  formidable  Operations  cuimccted  with  the  Science 
of  Obttetricy.  By  Charles  Clay,  M.D.,  late  Senior  Surgeon  to,  and 
Lecturer  on  Midwifery  at,  St.  M.ary's  Hospital,  Manchester.  Third 
Edition.   With  91  Engra-sings.   Fcap.  Svo,  6s.  6d. 

RAMSBOTHAM.— The  Principles  and  Practice 

of  Obstetric  Medicine  andSm-gerj-.  By  Frani-is  H.  Eamsbotham,  M.D., 
formerly  Obstetric  Physician  to  the  London  Hospital.  Fifth  Edition. 
With  120  Plates,  forming  one  thick  handsome  voliune.    Svo,  22s. 

REYNOLDS. — Notes  on  Midwifery  :  specially- 
designed  to  assist  tlic  Student  in  preparing  for  Examination.  By  J.  J. 
EEVXoi.ns,  M.E.C.S.    Fcap.  Svo,  4s. 

ROBERTS.— The  Student's  Guide  to  the  Practice 

of  Midmfery.  By  D.  Li.ovo  Roherts.  M.T>.,  F.R.C.P.,  Phy.sician  to 
St.  Mary's  Hospital,  Manchester.  Second  Edition.  With  1 U  Engrav- 
ings.   Fcap.  Svo,  7s. 
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MlBWIFHRY—eonfinued. 
SCHROEDER.—A  Manual  of  Midwifery  ;  includ- 

ing  the  Pathology  of  Pregnancy  and  the  Puerperal  State.  By  Kakl 
ScHROEDEG,  JX.D.,  Professor  of  Midwifery  in  the  University  of  Erlangen. 
Translated  by  Charles  H.  Carter,  M.D.  With  Engravings.  8vo, 
12s.  6d. 

/SnvlFiY^.  — Obstetric  Aphorisms  for  the  Use  of 

students  commencing  Midwifery  Practice.  By  Joseph  G.  Swavne, 
M.  D. ,  Lecturer  on  Midmfery  at  the  Bristol  School  of  Medicine.  Seventh 
Edition.   With  Engravings.   Fcap.  Svo,  3s.  6d. 


MICROSCOPY, 

CARPENTER— The  Microscope  and  its  Revela- 
tions. By  William  B.  Cari'Enter,  C. B.,  M.D.,  F.E.S.  Sixth  Edition. 
With  26  Plates,  a  C'oloui-ed  Frontispiece,  and  more  than  500  Engravings. 
Crown  Svo,  IBs. 

MyiaS'//.— Section-Cutting  :    a  Practical  Guide 

to  the  Preparation  and  Mounting  of  Sections  for  the  Microscope,  special 
prominence  being  given  to  the  subject  of  Animal  Sections.  By  Dr. 
Svlvesteb  Marsu.    With  Engrayings.    Fcap.  Svo,  2s.  6d. 

j]fARTIjy. — A  Manual  of  Microscopic  Mounting. 

By  John  H.  Marti.v,  Member  of  the  Society  of  Public  Aualysts,  &c. 
Second  Edition.    With  several  Plates  and  144  Engi-aviugs.    Svo,  7s.  6d. 


OPHTHALMOLOGY. 

DAdUENET.—A  Manual  of  Ophthalmoscopy 

for  tlie  U.so  of  Students.  By  Dr.  Dauiihnet.  Translated  by  C.  S. 
JuAi-ifRKHo.v,  Surgeon  to  the  Newoastle-on-Tyuo  Eye  Infirmary.  With 
Engravings.    Fcap.  Svo,  Ss. 

J fl(d(/ ENS.— Hints  on  Ophthalmic  Out-Patient 

Practice.  By  CuARr.Ks  Hiooioxs,  F.U.C.S.,  Ophtlialmic  Assistant-Sur- 
geon to,  and  Lecturer  on  Oplithalmology  at,  Ouy'.s  llospitiil.  Second 
Edition.    Fcap.  Svo,  Ss. 
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OPHTHALMOLOGY— t'o?i<inMt;f/. 
JONES.~A    Manual    of    the   Principles  and 

Practice  of  Ophthalmic  Medicine  and  Sm-gery.  By  T.  Wharton  Jokes, 
F.R.C.S.,  F.R.S.,  late  Ophthahnio  Surgeon  and  Professor  of  Ophthalmo- 
logy to  University  CoUege  Hospital.  Third  Edition.  With  9  Colom-ed 
Plates  and  173  Engravings.   Ecap.  8vo,  12s.  6d. 

MACNA3IARA.~A  Manual  of  the  Diseases  of 

the  Eye.  By  Charles  MAc^AMAnA,  E.E.C.S.,  Sm-geon  to  Westminster 
Hospital.  Third  Edition.  With  7  Coloured  Plates  and  62  Engravings. 
Pcap,  Svo,  12s.  6d. 

NETTLESHIP.~The  Student's  Guide  to  Diseases 

of  the  Eye.  By  EowAno  NETXLESHir,  F.R.C.S.,  Ophthalmic  Surgeon 
to,  and  Lecturer  on  Ophthalmic  Surgery  at,  St.  Thomas's  Hospital. 
With  4S  Engravings.    Foap.  Svo,  7s.  6d. 


PATHOLOGY. 

JONES  AND  SIEVEKING.—A  Manual  of  Patho- 
logical Anatomy,  By  C.  Handfield  Jones,  M.B.,  F.R.S.,  and  Edwaku 
H.  SiEVEKTXG,  M.D.,  F.R.C.P.  Second  Edition.  Edited,  with  consider- 
able enlargement,  by  J.  F.  Payne,  M.B.,  A.ssistant-Phys!cian  and 
Lecturer  on  General  Pathology  at  St.  Thomas's  Hospital.  With  195 
Engravings.    Crown  Svo,  16s. 

F/JSC7/0TF.  —  Post-Mortem   Examinations:  a 

Description  and  Explanation  of  the  Method  of  Performing  them, 
Tvith  especial  reference  to  Medico-Legal  Practice.  By  Professor 
Rudolph  Virciiow,  Berlin  Charite  Hospital.  Translated  by  Dr.  T.  B. 
Sniixn.    Second  Edition,  with  4  Plates.    Ecap.  Svo,  3s.  6d. 

WILKS  AND  ilfOXOiV.— Lectures  on  Pathologi- 
cal Anatomy.  By  Samuel  Wilks,  M.D.,  F.E.S.,  Physician  to,  and 
Lecturer  on  Medicine  at,  Guy's  Hospital;  and  Walter  Moxon,  M.U., 
F.R.C.P.,  Physician  to,  and  Lecturer  on  Clinical  Medicine  at,  Guy's 
Hospital.    Second  Edition.    AVith  7  Steel  Plates.    Svo,  ISs. 


PSYCHOLOGY. 

BUCKNILL  AND  TUKE.—A  Manual  of  Psycho- 

logical  Medicine :  containing  the  Lunacy  Laws,  Nosology,  -Titiology, 
Statistics,  Description,  Diagnosis,  Pathology,  and  Treatment  of  Insanity, 
with  an  Appendix  of  Cases.  By  John  C.  BrrKxiLL,  M.D.,  F.R.S., 
and  D.  Hack  Tuke,  M.D.,  l^'.R.C.P.  Fourth  Edition,  with  12  Plates 
(30  Figiu-es).    Hvo,  25s. 
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PHYSIOLOGY. 

CARPENTER.~¥v\nci^\&s  of  Human  Physio- 
logy. By  "William  B.  Carpenter,  C.B.,  M.D.,  F.E.S.  Ninth  Edition. 
Edited  by  Hem-y  Power,  M.B.,  F.R.C.S.  With  3  Steel  Plates  and 
377  Wood  Engi'avings.    8vo,  31s.  6d. 

DALTON. — A  Treatise  on  Human  Physiology  : 

designed  for  the  use  of  Students  and  Practitioners  of  Medicine.  By 
John-  C.  Daltox,  M.D.,  Professor  of  Physiology  and  Hygiene  in  the 
College  of  Physicians  and  Suigeons,  New  York.  Sixth  Edition.  With 
316  Engravings.    Royal  8vo,  20s. 

FREY.—Th.e  Histology  and  Histo-Chemistry  of 

Man.  A  Treatise  on  the  Elements  of  Compo.sition  and  Struotm-e  of  tlie 
Human  Body.  By  Heixricii  Frey,  Professor  of  Medicine  in  Zm-ich. 
Translated  hy  Akthue  E.  Barker,  Assistant-Siu-geon  to  the  Uni- 
versity College  Hospital.     With  608  Engavings.   8vo,  21s. 

FULTON.— K  Text- Book  of  Physiology,  includ- 
ing Histology,  By  J.  Fulton,  M.D.,  Professor  of  Physiology  and 
Sanitarj-  Science  in  Trinity  Medical  College,  Toronto ;  Smgeon  to  tlie 
Toronto  General  Hospital.  Socon  Edition,  i\ith  151  Engravings. 
8vo,  1.5a. 

RUTHERFORD.— Outlines  of  Practical  Histo- 
logy. By  William  Eutiieeford,  M.D.,  F.E.S.,  Professor  of  the  Insti- 
tute.^  of  Medicine  in  the  University  of  Edinburgh  ;  E.^ararner  in 
Phy.iiology  in  the  University  of  London.  Thii-d  Edition.  With 
Engravings.   Crown  8vo  (with  additional  leaves  for  Notes). 

[Irt  prrparalioii. 

SANDERSON'.— Handbook  for  the  Physiological 

Laboratory:  containing  an  Exposition  of  the  fundamental  facts  of  the 
Science,  with  explicit  Directions  for  their  demonstraliou.  By  J.  BunnoN 
Sanokrso.v,  M.D.,  F.U.S.,  Jodrell  Professor  of  Physiology  in  University 
College;  E.  Klkin,  M.D.,  F.E.S. ,  Assistant-Professor  in  tlie  Bro«ai 
Institution;  Mioiiael  Foster,  M.D.,  F.E.S.,  Prtulector  of  I'hysiology 
at  Trinity  College,  Cambridge;  andT.  Lauhrii  Brunton,  M.D.,  F.R.S., 
Ivocturer  on  Materia  Medica  at  St.  Bartholomew's  Hospital  Medical 
College.    2  VfJs.,  with  123  Plates.    8vo,  2-ls. 
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SURGERY. 

BRYANT.  —  A    Manual    for    the    Practice  of 

Sui-gery.  By  Thomas  Bryant,  F.R.C.S.,  Surgeon  to,  and  Lectm-er  on 
Sm-geryat,  Guy's  Hospital.  Tbird  Edition.  With  672  Engra\-ings 
(nearly  all  original,  many  being  coloured) .   2  vols.    Crown  Svo,  2Ss. 

BELLAMY.— Tht  Student's  Guide  to  Surgical 

Anatomy ;  a  Description  of  the  more  important  Surgical  BegioDS  of 
the  Human  Body,  and  an  Introduction  to  Operative  Sm-geiy.  By 
Edward  Bellamy,  F.K.C.S.,  and  Member  of  the  Board  of  Examiners  ; 
Sui'geon  to,  and  Leetui-er  on  Anatomy  at,  Charing  Ci-oss  Hospital. 
Second  Edition.   With  76  Engi-avings.   Fcap.  Svo,  7s. 

CLARK     AND     WAGSTAFFE.  —  Outlines  of 

Sm-gery  and  Surgical  Pathology.    By  E.  Le  Gp.os  Clark,  F.K.C.S., 
F.E  S.,   Consulting    Surgeon   to  St.    Thomas's   Hospital.  Second 
Edition.    Reused  and  expanded  by  the  Author,  assisted  by  W.  . 
Waostakfe,  E.E.C.S.,  Assistant-Surgeon  to  St.  Thomas's  Hospital 
Svo,  10s.  6d. 

DRUITT.  —  The    Surgeon's   Vade-Mecum  ;  a 

Manual  of  Modern  Sm-gery.  By  Robert  Uri'itt,  F.E.C.S.  Elevenlh 
Edition.    With  369  Engravings.    Fcap.  Svo,  14s. 

FERGUSSON.—A  System  of  Practical  Surgery. 

By  Sir-  William  FEBr,u.5S0N,  Bart.,  F.R.C.S.,  F.R.S.,  late  Surgeon  and 
Professor  of  Clinical  Sm-gery  to  King's  College  Hospital,  "^^'ith  463 
Engravings.   Fifth  Edition.   Svo,  21s. 

LIEATE.—A   Manual   of  Minor    Surgery  and 

Bandaging,  for  the  iise  of  House-Surgeons,  Dressers,  and  Junior  Practi- 
tioners. By  CnnisToiMiER  Heath,  F.E.C.S.,  Hobne  Professor  of  Clinical 
Surgery  in  University  College  and  Surgeon  to  the  Hospital.  Sixth 
Edition.    With  116  Engravings.   Fcap.  Svo.    5s.  Gd. 

By  the  same  Author. 

A   Course    of   Operative    Surgery :  with 

Twenty  Plates  dra-mi  from  Natm-e  by  M.  Leveii.le,  and  Coloured 
by  hand  under  his  dii-eclion.   Large  Svo,  40s. 

also, 

The    Student's   Guide   to   Surgical  Diag- 
nosis.  Fcap.  Svo,  Gs.  Gd. 
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SV'RGrE'RY— continued. 
MA  UNDI:R— Operative   Surgery.    By  Charles 

F.  Maundee,  F.R.C.S.,  late  Sui-geon  to,  and  Lectui-er  on  Surgeiy  at, 
the  London  Hospital.  Second  Edition.  With  164  Engravings.  Post 
8vo,  6s. 

FIREIK— The    Principles     and    Practice  of 

Surgeiy.  By  William  Pirrie,  F.R.S.E.,  Professor  of  Surgeiy  in  the 
University  of  Aberdeen.  Thu-d  Edition.  With  490  Engravings .  8vo,  28s. 


TERMINOLOGY. 

DUNGLISOJy.— Medical  Lexicon  :  a  Dictionary 

of  Medical  Science,  containing  a  concise  Explanation  of  its  various 
Subjects  and  Terms,  with  Accentuation,  Etymology,  SynonjTnes,  &o. 
By  EoBLEv  DuNGLisox,  M.D.  New  Edition,  thoroughly  revised  by 
Richard  J.  Duxoliso.n-,  M.D.    Royal  Svo,  '28s. 

MAYNE.—A   Medical   Vocabulary:    being  an 

Explanation  of  all  Terms  and  Phrases  used  in  the  various  Depart- 
ments of  Medical  Science  and  Practice,  giving  their  Derivation,  Meaning. 
Application,  and  Pronunciation.  By  Roceut  G.  Mayne,  M.D.,  LL.D., 
and  Joiix  Mayse,  M.D.,  L.R.C.S.E.  Fifth  Edition.  Fcap.  Svo,  10s.  Ud. 

WOMEN,   DISEASES  OF. 
BARNES.— A  Clinical  History  of  the  Medical 

and  Surgical  Diseases  of  Women.  By  Robert  Barnes,  M.D.,  F.R.C'.P., 
Obstetric  Physician  to,  and  Lecturer  on  Diseases  of  Women,  &c.,  at,  St'. 
George's  Hospital.    Second  Edition.    With  181  Engravings.   Svo,  2Ss.  ' 

/J f/iVCyliV:  — Clinical  Lectures  on  the  Diseases 

of  Women.  By  J.  Matthews  Du.vcan,  M.D.,  Obstetric  Phvsiciau  to 
St.  Bartholomew's  Hospital.    Svo,  Ss. 

EMMET. —  The    Principles    and    Practice  of 

Gyneecology.  By  Tho.mas  Adoim  Emmet,  M.D.,  Surgeon  to  tlie 
Woman's  Hospital  of  tlie  State  of  New  York.  With  130  Eugraviii"s 
Royal  Svo,  24s.  o        o  ■ 
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WOMEN,  DISEASES  OF— continued . 

(MLABIN.— The  Student's  Guide  to  the  Dis- 
eases of  "Women.  By  Alfred  L.  Galabin,  M.D.,  F.E.C.P.,  Assistant 
Obsteti-io  Physician  and  Joint  Lecturer  ou  Obsteti-ic  Medicine  at  Guy's 
Hospital.    Second  Edition.    Witli  70  Engravings.   Fcap.  Svo,  7s.  6d. 

BJ^YNOLDS.— Notes  on  Diseases  of  V/omen. 

Specially  designed  for  Students  preparing  for  Examination.  By  J.  J. 
Eeynolcs,  M.E.C.S.   Ecap.  Svo,  26.  6d. 

A'yif/Tif.— Practical  Gynaecology  :  a  Handbook 

of  the  Diseases  of  AVomeu.  By  Heywood  S.mith,  M.D.,  Physician  to 
the  Hospital  for  Women  and  to  the  British  Lying-in  Hospital.  With 
EngTaving.s.    Cro^mi  Svo,  5s.  6d. 

WUST  AND  D  UNO  AN.— 'Lectures  on  the  Dis- 
eases of  Women.  By  Charles  West,  M.D.,  F.R.C.P.  Fourth 
Edition.  Eevised  and  in  part  re-written  by  the  Author,  with  numerous 
additions,  by  J.  Matthews  Duncan,  M.D.,  Obsteti-ie  Physician  to  St. 
Bartholomew's  Hospital.   Svo,  16s. 

ZOOLOGY. 

BRADLEY. — Manual  of  Comparative  Anatomy 

and  Phy.'siology.  By  S.  Messexoek  Bbadlev,  F.R.C.S.,  late  Lecturer  on 
Practical  Siugery  in  Owen's  College,  Manchester.  Tliird  Edition. 
With  Gl  Engravings.   Post  Svo,  6s.  6d. 

CHAUVEAU  AND  FLEMING.— The  Compara- 

tive  Anatomy  of  the  Domesticated  Animals.  By  ji..  Chauveai-. 
Professor  at  the  Lyons  Veterinary  School ;  and  Gkoroe  Flesiixg, 
Veteriuaiw  Surgeon,  Eoyal  Engineers.  With  450  Engravings.  Svo, 
31s.  6d. 

irUXLEY.— Manual  of  the  Anatomy  of  Inverte- 

brated  Animals.  By  Tiiojias  H.  Hltxley,  LL.D.,  F.E.S.  With  156 
Engravings.    Fcap.  Svo,  16s. 

By  the  same  A  tithor. 

Manual  of  the  Anatomy  of  Vertebrated 

Animals.    With  110  Engraragg.    Post  Svo,  12s. 

WILSON'.— The   Student's  Guide  to  Zoology: 

a  Manual  nf  tlic  Pi  iucipUw  of  Zoological  Science.  By  Axdrkw  Wn.sox, 
Lecturer  on  Natural  History,  Edinburgli.  With  Engi'a^ings.  Frap. 
Svo,  6p.  Gd. 
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